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FOREWORD 


This report documents The Aerospace Corporation effort on 
Study 2,4, Standardization and Program Effect Analysis, which was 
performed under NASA Contract NASW 2727 during the fiscal year 
1975 . The study direction at NASA Headquarters was under Mr. N. Rafel, 
Director of Program Practices of the Low Cost Systems Office. 

This volume is one of four volumes of the final report for 
Study 2,4. The volumes are: 


Volume I 
Volume II 
Volume ni 
Volume IV 


Executive Summary 
Equipment Commonality Analysis 
Program Practice Analysis 
Equipment Compendium 


Volume I summarizes the overall study in brief form and 
includes the relationship of this study to other NASA efforts, significant 
results, study limitations, suggested research, and recommended 
additional effort. 


Volume II documents the analyses performed in selecting the 
flight -proven hardware for the NASA new starts. Volume III provides 
information on the design-to-cost procedures used on an Air Force 
satellite program and the available cost data on program practices that 
exist at The Aerospace Corporation. 

Volume rV catalogs housekeeping subsystem components 
from eight NASA and nine DoD current satellite programs. The 
compendium provides a summary of programmatic, technical, and 
environmental data for each component. 
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1. INTRODUCTION 


During the early satellite era, spacecraft components were 
generally custom designed for each new program. As spacecraft technology 
progressed, there was emphasis on the use of developed hardware in an 
attempt to reduce cost and shorten the development time, and yet maintain 
system reliability. The current trend is to inherit equipment from a space- 
craft within its own "family.” The concept of using components from outside 
the "family” can be expected to be limited, because the accessibility of infor- 
mation such as a comprehensive listing of developed hardware that provides 
technical and cost data is not currently available to designers. 

This task was conducted to examine the feasibility and cost 
savings of using flight-proven components from a large sample of current 
NASA and DoD satellites for new starts. The accumulation of component 
data was conducted during the earlier part of this study and is cataloged 
in the Equipment Compendium, Vol. IV (Ref, 1). This catalog and the LCS 
Standard Equipment Announcement were used as the information source on 
available flight-proven hardware. 

The new starts that were analyzed for application of flight- 
proven components are: 

a. Large Space Telescope (LST) 

b. Heat Capacity Mapping Mission (HCMM) 

c. Stratospheric Aerosol and Gas Equipment (SAGE) 

d. Solar Maximum Mission (SMM) 

e. ' TIROS-N 

The new starts represent a spectrum of satellite sizes in low-earth orbit. 
They range from 136 to 11,340 kg (300 to 25, 000 lb) satellites. The 
technical information describing the new starts was obtained from reports 
such as conceptual studies, contractor studies, or spacecraft specifications. 
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The selection of the components for the new starts was 
performed by subsystem specialists who used technical data supplied 
by NASA and the Spacecraft Design and Cost Model (SDCM) computer 
program. The catalog provided information on component capability, 
but the most important task of the specialist was to establish the 
req^uired component parameters and component inventory from the 
data in the new starts. The component parameters were developed 
from spacecraft performance requirements and were integrated with 
the subsystem requirements. Spacecraft variations were also analyzed 
where the subsystem design concepts could be reconfigured to study 
the cost impact of design alternatives. 

A cost estimating method that can account for selected 
components was required to cost the integrated spacecraft and alterna- 
tive configurations. Existing cost models are basically subsystem 
oriented and are not sensitive to component variations. For this task, 
a routine within an existing computer program was modified to cost 
the spacecraft on the basis of selected components. This spacecraft 
cost model was developed for use on DoD and NASA satellites. 


1-2 



2. ANALYSIS 


2. 1 INTRODUCTION 

The method of analysis that has been used in examining 
the application of flight-proven components to new starts consists of 
three major steps. First, a suitable preliminary configuration is 
generated by a computer-based design model that is inputed with data 
on the new start. Next the design by computer is supplied, to the space- 
craft subsystem specialists who use the computer printout along with 
component requirements to make the component selection from the equip- 
ment compendium (catalog). Finally, the engineer -selected components 
are inputed to a computer cost model (that is component oriented) and 
comparisons are run between designs for baseline ("business as usual") 
spacecraft and flight-proven component spacecraft, i. e. , spacecraft 
that employ previously developed components. The purpose of this 
section is to describe the analytical procedure that has been followed 
and to describe the models that have, been used in the procedure. 

2.2 SPACECRAFT DESIGN AND COST MODEL 

The selection of developed components for use in a particu- 
lar spacecraft design depends on (1) establishing the satellite performance 
requirements, (2) identifying components and subsystems that will meet 
the required performance, (3) analyzing the interrelationships among 
all the components and subsystems, and (4) developing a sufficiently 
large source (data base) from which a variety of components can be 
selected. The first step is accomplished by consulting study reports 
such as those referenced in this report covering new start satellites. 

For the remaining steps, it was determined that an effective tool for 
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starting the design procedure was to use the Spacecraft Design and Cost 
Model (SDCM)*. The SDCM is currently operating and has been used 
in numerous applications for both NASA and DoD. Conceptually, the 
model first accepts as inputs such basic design considerations as operating 
altitude, system reliability, type of subsystems, mission equipment 
weight and power, and pointing requirements. It then produces a series 
of subsystem characteristics that meet the input requirements, and,- 
finally provides as output the cost associated with each configuration. 

The model comprises technical, reliability, and cost portions. The 
technical portion of the model consists of a two- step. process: the first 
step selects subsystem configurations that meet the basic design con- 
siderations, and the second step selects equipment from a data base 
to mechanize each subsystem configuration. The reliability portion of 
the model adds redundancies to provide component quantities to meet 
the system reliability requirements. The output of the technical model 
is a number of spacecraft configurations that meet or exceed the basic 
requirements. Each configuration is provided with information down to 
the subsystem component (assembly) level. The cost required to design, 
build, and operate the spacecraft is estimated by summing the individual 
costs for each component called out by the computer as part of the 
particular configuration, (The cost portion of the SDCM is not required 
at this juncture in the analysis; however, a variant is needed later and 
is described in succeeding paragraphs.) 

The data base in the SDCM contains component data drawn 
from the catalog (Ref. 1) and components from other sources. The 
numbering system is cross-referenced in the data base between the catalog 
numbers and the SDCM identification numbers as shown in an example of 
selected data base information in Table 2-1. A complete printout of the 
data base can be found in Appendix B and a printout of the SDCM is provided 
in Appendix C, • 

* The SDCM was derived from a cost/performance spacecraft model 

developed for NASA over the past several years, A complete descrip- 
tion of the model can be found in Reference 2, 
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2. 3 TECHNICAL ANALYSIS 

The procedure for selection of the components was per- 
formed by the subsystem specialists. The information supplied to the 
specialists was the SDCM machine -produced configuration and the new 
start data. The SDCM provides such data as- the estimate of load power, 
solar array area, battery capacity, satellite mass inertia, control impulse, 
and quantity of each component to meet system reliability requirements. The 
type of information produced by the SDCM would generally require many 
design iteration cycles before spacecraft integration could be achieved by 
the various subsystem specialists. The SDCM performed the initial design 
cycles and thus shortened the design time. The specialists used the com- 
jjuterized design as applicable in generating the component requirements; 
however, in most instances the development of the component character- 
istics required extensive analysis of the new start reports. At times, the 
reports provided component specifications, but most often they were sub- 
system specifications from which component characteristics were generated 
by the specialist. This was generally the case with stabilization and com- 
munication subsystems where mission equipment and ground support speci- 
fications are required to be integrated into the spacecraft. The require- 
ments that were generated during the study or obtained from NASA -supplied 
reports are, included, along with the characteristics of the selected candi- 
date components. 

The comparison between component requirements and 
candidate characteristics provided the selection rationale. The catalog 
(Ref. 1) was used to provide data on the component characteristics, and 
if information was lacking, the contractor component specifications 
were further examined for additional data. Some of the components could 
be used as is, and others that did not match up on all parameters required 
modifications to adapt the unit to the subsystem. The extent to which 
previously developed components required design modifications and repack- 
aging or whether they could be incorporated with no changes was determined 
by the specialist. He also determined which components could not be based 
on previous designs and thus required new development. 
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In addition to conceptually designing the nominal spacecraft, 
alternative designs were also configured to increase the use of flight -proven 
hardwares from the catalog. To allow use of more components from the 
catalog, the subsystem performance in terms of weight and power control 
was varied, but the basic requirements such as communication links and 
spacecraft pointing accuracy were not varied in the study. 

2.4 SPACECRAFT COST MODEL (SCM) 

Previously, where the incremental costs associated with 
alternative designs were to be examined, no method of cost analysis was 
available that could accurately model such effects because prior models dealt 
with aggregate subsystem rather than with component costs. Improvements 
in cost data acquisition have made possible the development of a spacecraft 
model (SDCM) that is component oriented. This model has been adapted so 
that the cost portion of the program can be used independently. Thus, the 
engineering design subroutine can be bypassed in favor of a detailed analysis 
by subsystem specialists. Accordingly, changes made in the computer pro- 
gram provide for direct inputs to the cost subroutine of (1) engineering data 
concerning component identities and characteristics, and (2) performance in- 
formation related to structure, thermal, wiring, and other non-component 
assemblies. The result was a modified cost model computer program called 
SCM. 

In essence, the inputs to SCM represent those that normally 
would be produced by the engineering model subroutine within the complete 
model. Inputs can be grouped into three classes --one general, one subsystem 
oriented, and the third component oriented. The first group covers the follow- 
ing items: 

a. Satellite name 

b. Quantity of qual units (full -flight design but not to be flown) 

c. Quantity of flight units 

d. Year of constant dollars (e, g. , 1975 dollars) 

The next group covers- data for each subsystem, i. e. , stabilizations and 
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control, auxiliary propulsion, data processing, communications, electrical 
power, structure, thermal control and mission equipment; 

a. Type of subsystem configuration 

b. Weight of subsystem (plus dry weight, of auxiliary propulsion) 

c. Mission equipment design, development, test, and' engineering 
(DDT&E) and unit cost (if needed- -treated as thru-put) 

The third group includes the following information: 

a. Identity code number of each component in each subsystem 

b. Percentage of normal DDT&E that each component requires 

c. Quantity of each component required 

d. Percentage of normal DDT&E that non-catalog assemblies 
and subsystems require 

e. . Thrust of attitude control and translational thrusters 

f. Data processing bit rate for spacecraft housekeeping and 
rate for mission equipment 

g. Harness weight 

h. Power control weight 

i. Weight of converters 

j. Solar array area (square-foot) and weight 

k. Battery capacity (A-hr) and number of cells per battery 

Figures 2. 1 and 2,2 are copies of input keypunch forms 
actually used in preparing SCM cost estimates; they show all of the above input 
data requirements. An example of the machine output is illustrated in 
Figure 2. 3 where breakdowns are shown for major categories of DDT&E and 
unit (recurring) cost by subsystem and total spacecraft. Figure 2.4 contains 
a further breakdown by components. 

The key to the usefulness of the SCM is that it allows the 
analyst to select all components and their quantities,, and most importantly, 
it allows percentage factors to be applied to DDT&E for all components. Such 
a procedure gives an analyst the ability to vary component development cost 
from 0 to 100 percent. (In fact, percentages greater than 100 can also be 
applied.) "When percentages less than 100 are applied to a particular 
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Figure 2,2 SCM System Input Data Form 



SPACECRAFT 



MODEL 


DOLLARS) 


TOTAL 

PRODUCTION 

-RECURRING 

FAB AND 

TOTAL 

RDT+E 

ENGINEERING 

ASSEMBLY 

RECURRING 


17.7 

0.0 

4.3 

4,3 

9.5 

0.0 

1.2 

1,2 

< r 5.9 

7.9 

14.0 

21.8 

3.9 

.5 

1.4 

1.9 

13.3 

1.5 

5.7 

7.2 
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9.7 

11.3 

20.9 

^.7 

1.7 

1.2 

2.9 

113.5 

21.2 

39.2 
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160.3 
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1.1 
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4.3 

392,1 



165.8 


165.7 
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LST BASELINE 


♦ * ♦ ♦ ASSEMBLY DESCRIPTIONS ♦ ♦ ♦ ♦ 


ro 

I 


H- • 
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STABILIZATION AND CONTROL 
IDENT TYPE NO* 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

O.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

209 VALVE ORIVERL 

24 

1.8 

.1 

35.2 

242824.7 

314722.5 

410364.5 

691390.1 

306 SUN SENSOR 

5 

.2 

.0 

0.0 

144934.2 

231078.7 

168193.4 

171418.4 

603 GIMBAL ELECTRONCS 

2 

6.3 

.3 

31.6 

0.0 

0.0 

0.0 

0.0 

1733 RATE INTE6R GYRO 

3 

13.0 

.1 

12.0 

1202337.6 

1103308.6 

645001.8 

846135.4 

1901 CONTROL ELECT. 

2 

10.3 

1.0 

26.5 

1,172070.0 

752440.0 

465651.4 

468342.6 

2006 CTRL MOMENT GYRO 

4 

170.0 

6.0 

30.8 

2394C00.0 

2170500.0 

5986959.2 

2774634.7 

2109 STAR SENSOR 

3 

II. 8 

.5 

8.0 

1681386.0 

558296.0 

497237.8 

1183261.8 

AUXILIARY PROPULSION 
IDENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

D.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

133 THRUSTER 

12 

1.4 

.0 

0.0 

336434.7 

659137.4 

224940.1 

736368.7 

212 ISOLATION VALVE 

8 

3.3 

.0 

0.0 

0.0 

0.0 

0.0 

0.0 

312 FILTER 

1 

.3 

.0 

-0.0 

0.0 

0.0 

0.0 

0.0 

A18 PRESSURE REGULATR 

2 

4.1 

.1 

-0.0 

740502.2 

307487.5 

156325.8 

295894,2 

52A TANK . 

2 

,21.6 . 

1.4 

-0.0 

0.0 

0.0 

0.0 

0.0 

609 FILL + DRAIN VALV 

1 

.2 

.0 

-0.0 

0.0 

0.0 

0.0 

0.0 


IDENT 

TYPE 

NC. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

O.E, COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

109 

GEN PURP PRDCESR 

1 

15.0 

.1 

20.0 

2676950.0 

1664050.0 

I847S19, 0 

0.0 

230 

DIGITAL TELEMETRY 

2 

5.0 

.0 

14.0 

133C45.5 

181453.8 

207547.5 

73142.4 

312 

TAPE RECORDER 

2 

11.0 

.2 

4.0 

483298.0 

392137.0 

947933.2 

193119.0 

345 

TA»E RECORDER 

2 

16.3 

.4 

25.0 

648545,4 

499359.7 

245464.8 

2591‘49,6 

424 

COMMAND DIST UNIT 

2 

19.1 

.7 

4.6 

1141339.3 

1121960.4 

914672.4 

456063.1 

LDMMUMCATIONS 
IDENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POwER 

D.E. COST 

T.E. COST 

VEHICLE . 
PROD. COST 

VEHICLE 
ENG. COST 

103 

BASEBND ASSY UNIT 

1 

2.0 

.0 

.5 

41384.2 

12733,6 

29749.9 

0.0 

2C2 

ANTENNA 

1 

8.4 

.7 

-0.0 

348292.9 

319352.9 

74467.1 

0.0 

221 

ANTENNA 

2 

5.8 

.2 • 

rO.O 

260460.0 

221391,0 

106434.6 

104C76.1 

239 

ANTENNA 

2 

2.1 

.0 

-0,0 

150486.0 

115760.0 

33249.9 

60132.9 

309 

TPANSNITTER 

2 

1.8 

.0 

8.6 

27058.9 

31544.6 

109760.7 

10812,4 

324 

TRANSMITTER 

2 

7.5 

.2 

37.5 

• 162064.0 

95502.0 

139695.4 

64753.5 

351 

TRANSMITTER 

2 

1.9 

.2 

52.0 

' 39C69.0 

39059.0 

256108.3 

15511.4 

415 

RECEIVER 

2 

3,9 

.1 

3.0 

107946.2 

244253.6 

115415.0 

43133.8 

418 

RECEIVER 

2 

4,2 

.1 

2.0 

109972.0 

247437.0 

116412.8 

439‘»3,3 

618 

DIPLEXER 

2 

1.5 

.0 

-0.0 

20605.3 

21401.1 

33593.4 

5233.6 

714 

PO^ER CONVERTER 

24 

12.1 

• 3 

29,2 

0.0 

0.0 

0.0 

0.0 
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component, the computer program treats the component as an off-shelf item 
and assumes that its production cost is less than normal, i. e. , its cost has 
decreased on the basis of learning -curve assumptions. System engineering 
and program management costs are included in the cost output; however, it 
is assumed that such costs would be relatively unchanged when previously 
developed components are used in a design. Such an assumption appears to 
be borne out by an initial examination of certain Air Force STP costs. Accord- 
ingly, the SCM can provide the data to permit comparisons of full development 
programs with programs that employ previously developed hardware in their 
designs. 

2. 5 STUDY CONSIDERATIONS 

The foregoing discussion described the technical approach, 
cost methods, and tools that were used in the study. It should be recog- 
nized that all areas did not fall within the described technique. The exceptions 
were in the structures and thermal subsystems, component environmental 
requirements, and component, modification cost factors. 

The structure and thermal subsystems were examined 
parametrically by the SDCM computer model. The model is programmed to 
provide subsystem characteristics which are based on housekeeping equipment 
data and spacecraft size.' This model was developed by technical specialists 
using the Aerospace data bank to develop the necessary coefficients. The 
structures and thermal costs that are generated by this method are applied 
with 100 percent DDT&E to each new start and to both baseline and low cost 
configurations. The baseline configurations are business -as -usual spacecraft, 
and low cost configurations are spacecraft with a great amount of flight- 
proven hardware. The structure and thermal subsystems are generally not 
transferable between programs and, therefore, incur new development costs. 

The environmental requirements in terms of component 
vibration and temperatures were not supplied or developed in the study. 
Generally the derivation of suitable component vibration levels for NASA/ 

GSFC satellites is a task typically performed by the prime contractor. 
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Effort was not expended in this study to quantify the environmental levels 

except to review the general environmental specification (Ref. 3). 

The values in Reference 3 which are interface vibrations could be factored 

by a resonant magnification factor. It is known in some instances thal: 

> 

the levels have been multiplied by a resonant magnification factor of five at 
frequencies where component resonances may be expected. This approach 
would result in increasing the power spectral density values in the general 
environmental specification by a factor of 25. Such an approach would 
probably result in prohibitively high levels over the broad frequency range 
of possible resonances ^which would have to be assumed in the absence of 
detailed information. If such an approach was taken, the estimated environ- 
mental requirements may have disqualified most of tiie flight-proven com- 
ponents. In the absence of definitive component criteria, it was concluded 
that reasonable consideration of required component capabilities could not 
be made at this time. 

When component modification is judged to be needed by the 
technical specialist, costs are estimated by reviewing each equipment and 
applying cost factors consistent with the amount and kinds of changes 
required. Such factors are used uniformly across alTof the new starts 
considered, A schedule of the factors that are used is shown in the following 
tabulation. 


Component Modification 

DDT&E 

(%) 

No change (use as is) 

0 

Minimum change (minor adjustments) 

10 to 25 

Repackaging and requalification 

50 

Partial redesign, repackaging and 
requalification 

75 

Redesign, repackaging and requalification 

100 

New development 

100 
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The preceding cost percentages are applicable to DDT&E cost only; however, 
they can have an effect on unit (recurring) cost as explained in Section Z. 4. 
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3. LARGE SPACE TELESCOPE (LST) 


3. 1 MISSION DESCRIPTION 

The LST mission equipment consists of an optical telescope 
assembly (OTA) and scientific instrument (SI). The OTA includes the 3-meter 
aperture optics, associated structures, thermal control, fine guidance sensors 
optical performance sensors and controls and electrical distribution. The 
associated structures are optics mounting structure, focal plane structure, 
internal light baffles, and interface structure. 

The SI is a package of individual scientific instruments 
such as cameras, IR spectrographs, and polarimeters. The support 
hardware which is dedicated to the SI is also considered part of SI. The 
weight and power of the OTA and SI are listed in Table 3.1. 1 (Reference 4) 
and the overall arrangement of the payload is shown in Figures 3. 1. 1 and 
3, 1, 2. The function of the SI is to convert the OTA focal plane energy into 
scientific information which is transferred to the support service module 
(SSM) for transmission. to earth stations. The SSM houses the electrical 
power, communication, data handling, thermal control, sun shield, coarse 
attitude sensing, and attitude control subsystems. 

The nominal operating orbit is a 500 km (270 nmi) circular 
orbit in 28. 8 deg., inclination. The satellite will be launched and serviced 
by the Space Shuttle. The initial launch is scheduled for CY 82 with the 
first servicing being return to ground by the Shuttle. The nominal servicing 
interval is two years. 

3. 2 MISSION EQUIPMENT REQUIREMENTS 

The housekeeping subsystem requirements to meet the 
mission requirements are summarized in Table 3. 2. 1. These basic sub- 
system requirements were obtained from References 4 and 5. The system 
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design goals and system weight limit are also included since they influence 
the component redundancy. 

3. 3 SPACECRAFT DESCRIPTION 

The information supplied in the MSFC requirements docu- 
ment (Reference 4) was inputed into the SDCM computer, program to provide 
the initial set and type of component required for each subsystem. The 
computer output along with the MSFC LST Phase A report (Reference- 6) pro- 
vided the necessary information for the engineer to select candidate components 
from the catalog. The rationale for the selected candidate components is 
described in subsystem sections that follow. 

The estimated total satellite weight and electrical power 
using as many catalog components. as feasible, is 10, 600kg (23, 300 lb) and 
1880 W, respectively. The subsystem weight and power that are listed in 
Tables 3, 3, 1 and 3. 3. 2 are actual values for selected components and esti- 
mated component weights and powers for the units requiring new development. 
The structure and mission equipment (payload) data were obtained from the 
referenced sources and were not determined in this study. The estimated 
spacecraft reliability is 0, 88 at two years. This reliability is estimated for 
the LST configuration with the auxiliary propulsion (AP) desaturating the. 
control moment gyros (CMG),. The recommended configuration is to use mag- 
netic torques to desaturate the CMGs and to use AP as an emergency backup. 
The spacecraft reliability increases to 0. 9 at two years when magnetic torques 
are used to desaturate the CMGs. The spacecraft reliability which was 
computed by the SDCM is presented in Table 3. 3. 3. 

The reliability calculation used the actual failure rates for 
candidate components, and representative failure rates for new hardware 
and redundancy. 
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Figure 3, 1.2 LST Configuration and Payload Arrangement (Reference 3) 




Table 3, 2. 1 LST Mission Requirements 


Items 

Requirements 

Stabilization and Control 


Coarse pointing 

2 axis to. 15 prad (30 sec) 3cr 
LOS tl. 75 prad (0. 1 deg) 3<r 

Fine pointing 
(using OTA) 

3 axis 1 4. 8 prad (1 s^c) Itr 

Aixxiliary Propulsion 

0. 079 rad/min (4. 5 deg/min) 
100 maneuvers /axis 

Electrical Power 

Solar and rechargeable battery 
28 t 2% V supply 

Communication and Data Handling 


Primary network 

TDRS 

Single access available 1/3 of 
orbit 


Multiple access available 85% 
of orbit 

Alternate network 

STDN 

Data storage 

10^ bits 

Command storage 

24 hours 

Payload data rates 

1 frame /orbit 
600 Mbits/frame 

System 


Design life 

' One year reliability goal degraded 
mode between one and two years 

System weight 

<11, 340 kg (25, 000 lb) 

Orbit 

< 

Circular nominal 

500 km (270 nmi) 

Range 

480-590 km 

Inclination 

28. 8 deg 
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Table 3. 3. 1 LST Weight Summary 


SUBSYSTEMS 

WEIGHT 


kg 

lb 

Stabilization and Control 

534 

1178 

Auxiliary Propulsion 



Dry Weight 

48 

106 

Expendables 

20 

44 

Communication and Data 

83 

184 

Handling 



Electrical Power 

1162 

2562 

Structure 



3* 

Equipment Bay 

1058 

2333 

3. 

Adapters 

2007 

4424 

Thermal Control ^ 

136 

300 

Mission Equipment 

- - 


OTA^ 

4598 

10, 136 

si" 

907 

2, 000 

TOTAL 

10,554 

23, 267 


^Reference 5 
^Reference 4 
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Table 3. 3. 2 LST Power Requirements 


Subsystems 

Average Power 
(W) 

Stabilization and Control 

178 

Auxiliary Propulsion 

0 

Communication and Data Ifendling 

136 

Thermal Control 

0 

Structure 

0 

Mission Equipment 

1265 

Electrical Power and Contingency 

✓ 

299 

Total Average Load 

1878 


a 


Reference 4 
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Table 3, 3. 3 Reliability Estimate 


ITEMS 

1 

RELIABILITY ^ 

Stabilization and Control 

0.9657 

Auxiliary Propulsion 

0. 9474 

CDH 

0.9638 

Electrical Power 

0;9988 

Spacecraft 

0.88- 

Mission Equipment 

0. 81 

Satellite 

0. 71 

MMD ^ months 

21 . 6 


Mission lifetime of two years. 

Expected duration of the mission before a failure occurs. 
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STABILIZATION AND CONTROL (SC) 

The SC is to provide the capability for the LST to view any. 
source on the celestial sphere at any time while avoiding sun, moon, and 
earth interferences. The spacecraft course pointing system is to provide 
sufficient accuracy for the fine pointing system to take over the stabilization. 
The fine pointing is to be achieved with the OTA fine guidance system pro- 
viding the sensor information. 

The SC functional block diagram is shown in Figure 3.4, 1 
(References 5 and 6). The subsystem uses sun, star, and magnetic field 
sensors; momentum wheels, magnetic torquers, and reaction control actuators; 
and a centralized computer. Either CMGs or reaction wheels (RWs) can 
provide the required pointing accuracy; however, the CMG is preferred over 
the RW (Reference 6) because CMGs are lighter, consume less power, and 
provide faster spacecraft repointing. The control torquers to desatuate the 
CMGs are provided by the magnetic torquers. The reaction control thrusters 
are used for emergency sun acquisition mode and control of large disturbances 
during docking operation. The attitude sensors are the sun sensors, fixed- 
head star trackers, the reference gyro assembly, magne tom eters, and the 
OTA find guidance system. All of the sensor signals are inputted to the 
transfer assembly for routing to the digital processor' assembly in accordance 
with the control mode in operation at the time. ■ The transfer assembly 
serves as the interface between the sensors, computer, and actuators. The 
digital processor receives the appropriate sensor data and computes the 
commands for the CMG gimbals, magnetic torquers, solar panel drive 
motors, and valve drive amplifiers, and compensates for gyro drift. 

The selected candidate components for SC are summarized 
on Table 3.4. 1. This table provides a listing of components, quantity of 
each component, catalog index number, weight, and power. Also shown in 
the table is the alternate control actuator unit. The RW is shown as an 
alternate to the CMG. 
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Table 3.4. 1 LST Stabilization and Control Weight and Power 





POWER 

■ ' 

COMPONENTS 

No. 

Rq'd. 

Index 

No. 

Weight 

Operate 

Standby 

Tot, Pwr. 


kg 

lb 

W 

Duty 

W 

Duty 

W 

Reference Gyro Assy. (1) 

3 . 

Nl-1-1 

17. 7 

39.0 

24 

100% 



24 

Fixed Head Star Tracker 

3 

HEAO 

16. 0 

35.4 

10 

100% 



10 

Coarse Sun Sensor 

5’ 

HEAO 

0. 5 

1. 0 

0 




0 

Magnetometer 

2 

N3-1-1 

0. 7 

1. 5 

1 

100% 



1 

Magnetic Torquers & 
Elect. 

6 

(nh)^ 

143. 3 

315. 9 

20 

■100% 



20 

Control Moment Gyro & 
Elect. (2) 

4 

HEAO 

308.0 

680. 0 

70 

100% 



70 

Transfer Assembly 

2 

(nh) 

9. 3 

20. 6 

27 

100% 



27 

Digital Processor 
Assembly (1) 

1 

HEAO 

6. 8 

15. 0 

16 

100% 



16 

Valve Driver Assembly 

2 

(nh) 

17.4 

38.4 

0 




0 

Solar Array Drive 

2 

Dl-1-5 

14. 1 

31. 1 

10 

100% 



10 

TOTAL 



534 

1178 . 





178 

(1) internally redundant 

(2) alternate configuration 










Reaction Wheel 

■ 4 

D8-1-2 

128 

282. 0 

435 


60 

80% 

135 

Reaction Wheel 
Electronics 

4 

D8-1-3 

18 

40 

50 

n 



50 


a 


New hardware 


Reference 
Gyro Assembly 
(6 gyros) 


■ Transfer 
Assembly 


Magnetic 
Torquers and 
Electronics (6) 


Fixed Head 
Star Tracker 
(2a and Ir) 





Coarse Sun 
Sensor 
' (4a and Ir) 



1 1 

1 OTA Fine j 

1 Pointing t ! 

1 

1 Assembly 

J 

■ 

Magnetomete r 
(la and Ir) 




Figure 3.4. 1 LST Stabilization and Control Subsystem 
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3.4. 1 


Reference Gyro Assembly (RGA) 

The RGA is an assembly with six floating single-degree-of- 
freedom rate integrating gyro units. The gyros are arranged in a skewed 
dodecahedron configuration. The unit provides rate and position information 
during the star tracker or guide star occultation control modes. Any three 
of the six gyros are to provide the threeTaxis attitude measurement data. 

The most suitable assembly should be the unit selected for HEAO or the 
unit described in the NASA Low Cost System Standard Equipment Announce- 
ment, assuming it can be flight qualified. The NASA standard unit employs 
non- floating, strapdown gyros and is called Dry Gyro Inertial Reference 
Unit (DRIRU). Two RGAs from the catalog which have performance char- 
acteristics that may be equivalent to the HEAOs Bendix gas bearing spin 
axis tyros are: 

a. OSO-I (Nl-1-1), Azimuth Reference Assemblies . Each 
unit consists of a pair of gyros in a thermal enclosure 
which also houses ancillary electronics and heaters. The 
bias drift stability is ±0,001 rad/hr (±0.06 deg/hr) over 
a four-hour period. 

b. Nimbus /ERTS (N7-1-3), Rate Measuring Package. Each 
unit has one gyro and associated electronics. The bias 
drift change over one year is less than ±0.004 rad/hr 

( ±0.25 deg/hr). 

The candidate OSO-I (Nl-1-1) unit will require repackaging 
to arrange the six gyros in dodechedron orientation. It is estimated that the 
development is approximately 50 percent of a new development assembly. 

3.4.2 Fixed-Head Star Tracker (FST) 

The FSTs are used for pointing the spacecraft within the 
fine pointing field of view (FOV) of the OTA. The FST requirements are: 

Detection +6 magnitude stars or higher 

Accuracy 0. 15 m rad (30 arc sec), 3?" transverse axis 

1. 80 m rad (0.1 deg), 3 cr LOS 

FOV ±0. 052 rad (3 deg) 

Three FST are positioned 0. 79 rad (45 deg) apart in the 
transverse plane of the LST longitudinal axis. The two other FSTs are positioned 
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along the telescope viewing axis and located in the OTA fine guidance system. 
The catalog does not provide any star trackers meeting the LST requirements. 
The closest candidate unit is used on SAS-C (N3-1-3). The capability of the 
N3-1-3 unit is; 

FOV 0. 09 X 0. 17 rad (5 x 10 deg) 

Detection • +4 magnitude star 
Accuracy llO. 00145 rad. ("tS arc min) 

The HEAO star tracker recommended in Reference 6 
appears to be the best candidate. 

3. 4. 3 Coarse Sun Sensor 

The coarse sun sensor requirements are: 

FOV 2t 7 steradian 

Linear range tO. 175 rad (iilO deg) 

Linearity 2% 

Null accuracy 1.8 m rad (6 arc min) 

The only passive units in the catalog with the required FOV are the ATS-F 
two-eye (N6-1-10) and three-eye (N6 rl-9) devices. These units do not meet 
the requirements since the accuracy of the ATS-F devices are tO. 05 rad 
(t3 deg). The HEAO sun sensor which is not in the catalog should be 

the candidate unit. 

3.4.4 Magnetometer 

The magnetometer requirements are based on the unit used 
on the OAO program ; it has a range of l50 microtesla. The catalog has 
three magnetometers that should be suitable candidates. The three candidates 
exceed the performance requirements and their weight is less. The character- 
istics of the candidate units are compared in Table 3.4. 2. 
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Table 3.4,2. Candidate Magnetometers 


Parameters 

OAO Spec. 

SAS-C 

(N3-1-1) 

P72-1 

(D2-1-3) 

(D4-1-3) 

Range (microtesla) 

+ 50 

t50 

tso 

t60 (tlO) 

Sensitivity (v/microtesla) 

4. 2 X 10"^ 

12 X 10"^ 

4. 9 X 10"^ 

4. 2 X 10"^ (25 X 10'^) 

Linearity (microtesla) 

tl. 5 

+0. 2 

' to. 5 

to. 06 (to. 006 ) 

Drift (microtesla) 

to. 6 

to. 36 

NA 

to. 2 (to. 06 ) 

Weight (kg) 

3 

0. 68 

1. 5 

0 -. 91 


The dual figures are for high range and low range, respectively. 



3.4.5 Magnetic Torquer 

The required size of the magnetic torquerer is to provide 
2 

a dipole moment of 2, 000 A m (0. 15 ft-lb/Gauss) per electromagnet. Two 

such electromagnets per axis are required to de saturate the CMG and to 

provide a backup direct control torquer in event of CMG failure. There 

are no magnetic torquers in the catalog with the required magnitude of 

2 

dipole moment. The largest unit in the catalog is 98 A m which is used in 
the atmospheric explorer. The hardware will have to be developed. 

3.4.6 Control Moment Gyro 

The total momentum required to provide a maneuvering 
capability of 1.57 rad (90 deg) in five minutes is 1000 Nm about the major 
axis of the LST. The CMG momentum per actuator is 333 Nm for three 
double -gimballed CMGs, and 265 Nm for four s ingle- gimballed CMG, A 
four-RW configuration will require twice the CMG momentum per actuator 
because a RW does not use its total momentum capacity effectively. The 
RW unit weights willj therefore, be twice the CMG and will use more power 
during maneuvers. At 1000 Nm output torque, the RW power requirement 
will be in the order of ten times that used by CMG. 

The only CMG listed in the catalog is the unit used on STP 
71-2. The unit momentum capacity is only 4. 5 Nm and is therefore unsuitable. 
The HEAO unit appears to be the only available CMG. 

A candidate RW is the unit used on the Defense Support 
Program (DSP) (D8-1-2). This unit has an angular momentum of about 
508 Nm which is nearly twice that required. The data on the associated 
electronics unit are provided in the catalog data sheet D8-1-3. The combined 
reliability of the wheel plus electronics is 0. 922 for 15 months. Although the 
RWs will consume much more power than CMGs during a slew maneuver, this 
will probably occur only during a small percentage of the time, and the 
average power level might be acceptable. It is understood that the require- 
ment for slewing 1.57 rad (90 deg) in five minutes may be waived, in which 
case RWs become more attractive. 
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3.4. 7 


Transfer Assembly (TA) 


The transfer assembly is the interface unit that inter- 
connects the sensors, actuators, computer, and electronics for control 
mode logic, power converter, and switching. Although the TA can be a 
modification of the HEAO TA, it will be assumed in this study as new hard- 
ware because of the amount of modification that will probably be required. 

3.4.8 Digital Processor Assembly (DPA) 

The design reference of the DPA is the GDC 469 computer 
that was selected for HEAO.' The software must be developed for the DST 
but the hardware will be essentially identical to HEAO. There are no DPAs 
in the catalog that will meet the CDC 469 computer -capability which is six 
2000 -word memory expandable to 64, 000 words, and 16 bit instruction and 
data words. The software effort is estimated to be 50 percent of a new 
de ve lo pme nt . 

3.4.9^ "Valve Drive Assembly (VDA) 

The valve driver for the selected reaction control thrusters 
is recommended. The VDA will, however, require redesign and repackaging 
for the logic signal and command signal input interfaces because the unit is 
' packaged within the STP 72-2 control logic box. The estimated DDT&E is 
50 percent of a new unit. 

3.4.10 Solar Array Drive (SAD) 

The SAD requirements are: 

Torque 4.07 Nm 

Angular position ±0.07 rad (4 deg) 

Rotational rate 8.7 mrad/s (0.5 deg/s) 

The FLTSATCOM SAD (Dl-1-5) appears to be the best candidate. The unit 
produces a minimum of 8. 2 Nm torque and a proportional accuracy of 
±0.02 rad (±1 deg). The fastest rotational rate is 4.2 mrad/s (0.24 deg). 
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This maximiim rate is used for slewing and is established by the minimum 
stepping period. The data on the unit indicate that the minimum period 
is not a limitation of the stepper motor but of the chosen design of the SAD 
electronics. The rate could probably be increased by a minor redesign of 
the electronics. The electronics will have to be repackaged since they are 
contained within the FLiTSATCOM control electronics assembly, and re- 
designed to ensure proper input and output signals. Other important SAD 
requirements such as the number of slip rings, current, noise, and torsional 
and transverse stiffness must be defined and compared. 
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3.5 


AUXILIARY PROPULSION 


The auxiliary propulsion subsystem is used for emergency 
control in event of SC failure, backup control in the vicinity of the 

Shuttle, and large control authority in case of misdock. The performance 
requirements to provide the emergency backup to the SC was determined 

in Reference 6 and is summarized in the following tabulation. 


PARAMETERS 

REQUIREMENTS 

Type 

Cold gas 

Total Impulse 

{2515 lb sec + 10%) 

12200 Ns (2720 Ib-s)’ • 

Thrust Level 

44. 7N (10 lb) 

Number of Thrusters 

6 

Design Life 

2 years 

Refurbishment 

Ground servicing 

Reliability 

No. Single Point Failure Mode 
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Because of the low total impulse requirements, the recom- 
mended type of propellant is cold gas nitrogen. The tank and propellant 
weight are low and the cold gas nitrogen system is inherently most simple 
and reliable. 

Redundancy is to be provided at each component to meet 
the single point failure mode criteria, i.e., redundant tanks, regulators, 
and thrusters. In the event of leakage, each component may be isolated by 
a command to close a latching solenoid. The functional diagram of the AP is 
shown in Figure 3. 5. 1. The thrusters are to be mounted in a cluster of three 

primary and three backup. The 20 kg (44 lb) of nitrogen is contained in two 

3 3 2 

36, 200 cm (2200 in. ) volume tanks and tmder'2480 N/cm (3600 psia) 

pressure. The pressure regulator is to provide a regulated outlet pressure 

of 103 N/cm^ (150 psia). 

The candidate components are listed in Table 3. 5, 1 and 
the selected components are listed in Table 3. 5,2 with the rationale for 
selection. All selected components are flight-proven units with modification 
limited to changing the "set point" of the pressure regulator. No new com- 
ponent development is necessary; however, the integration of components 
including the plumbing will require the normal development procedure. 

The NASA standard propellant control assembly that is listed in the LCS 
Standard Equipment Announcement is not applicable because the unit is for 
hydrazine propellant. 
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Table 3. 5. 1 AP Candidate Components 


Components 

Index 

No. 

No. 

Rq'd. 

Remarks 

Tank 

D3-2-1 

4 

29 kg (64 lb) 


D9-2-3 

3 

22 kg (49 lb) 


D9-2.-2 

2 

20 kg (43 lb) 

Thruster 

D3-2-2 

2 

Thrust must be derated from 
67 to 44 N (15 to 10 lb) by 
reducing inlet pressure 


D9-2-1 

4 

3 valve cluster, early 
version of above design 

Pressure 

- D3-2-5 

2 

Integral relief, set point 

Regulator 



change from 148 to 

103 N/cm^ (215 to 150 psi) 


Nl-2-3 

2 

Max. pressure marginal 
set point change from 152 to 
103 N/cm^ (220 to 150 psi) 


D7-2-5 

2 

Integral relief, set point 

change from 345 to 

103 N/cm^ (500 to 150 psi) 

Filter 

Nl-2-6 

1 

MS fittings must be added 

Isolation 

Nl-2-4 

8 

One year design life 

Valve 

D3-2-8 

8 

Six month design life 

Fill /vent 

D3-2-7 

1 

Flight proven 0. 1 kg (0. 16 lb) 

Valve 

D7-2-6 

1 

Not flown 0. 3 kg (0. 72 lb) 
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specific impulse: 639 N s/Kg (65 sec) 


Figure 3.5. 1 LiST Auxiliary Propulsion Functional Diagram 




Table 3, 5. 2 Selected Components for AP 


Components 

Index 

No. 


Reason for 

No. 

Rq'd. 

kg 

lb 

Selection 

Nitrogen Tank 

D9-2-2 

2 

19. 6 

43. 2 

Lower weight tank 

Thruster 

D3-2-2 

12 

7.4 

16.4 

Latest design 

Pressure Regulator 

D3-2-5 

2 

3. 7 

8. 2 

Minimum set point 
change 

Filter 

Nl-2-6 

1 

0. 1 

0. 3 

10 micron absolute 
filter 

Isolation Valve, 
Ijatching Solenoid 

Nl-2-4 

8 

12. 0 

26.4 

Longer design life 
units good for 
longer durations 

Fill /Vent Valve 

D3-2-7 

1 

0. 1 

0. 2 

Flight demonstrated 
unit 

Relief Valve 

Integral 

w/press 

reg 

2 



Integral unit 
(pressure reg) 

Temperature 

Transducer 

(std) 

2 

0. 2 

0.4 

Off-the-shelf 

Pressure 

Transducer 

(std) 

4 

0.4 

0. 8 

Off-the-shelf 

Test Port 

(std) 

1 

0. 1 

0. 2 

Off-the-shelf 

Plumbing 

(nh)^ 

15 m 

4. 6 

10. 0 


Dry Weight 



48- 1 

106. 0 


Nitrogen Prop. 



20. 0 

44 . 0 


Wet Weight 



68. 1 

150. 0 



Si 

New hardware 
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3. 6 ELECTRICAL POWER (EP) 

The electrical power subsystem is required to provide an 
average power of 1878 W (see Table 3. 3, 2) at a bus voltage of 28 Vdc +2%, 
This average total power includes 300 W for power conditioning and storage, 
and overall contingency. The EP is an oriented solar array - battery type 
system. The required power conditioning is achieved with the series load 
regulation configurations. This configuration is shown in Figure 3. 6. 1 ; it 
functionally meets the conditioning requirements but has a relatively high 
power loss in the selected power converter units. The type of components, 
number of components to achieve EP reliability, candidate components 
from the catalog, and the weight are listed in Table 3, 6. 1, 

Alternate configurations have been analyzed to evaluate 
the effects of having a higher percentage of flight-proven components in the 
EP subsystem. The alternate configurations are the shunt and discharge 
voltage regulation, and the shunt voltage regulation configurations. The 
functional diagrams of these two alternate configurations are shown in Figures 
3, 6. 2 and 3. 6, 3 and the candidate components are listed in Tables 3. 6. 2 and 
3. 6. 3. The shunt and discharge voltage regulator configuration will provide 
28 Vdc i 4% service and the shunt voltage regulator configuration will provide 
28 Vdc t 16% service. The components in the shunt voltage regulation con- 
figuration can use all flight-proven units except for the solar array. 

The shunt and discharge voltage regulator configuration, 
being slightly out of the required voltage control range,has a significant 
reduction in the solar array area because of its more efficient converters. 

The cost comparison of the three configurations is presented in the cost 
estimates section. 

For both of the alternate configurations it is assumed that 
the voltage control can be achieved by secondary converters located at the 
load unit, i, e, , decentralized power conditioning. The alternate configura- 
tions provide design flexibility since equipment power requirement changes 
are limited to the converter at the load unit. 
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Table 3. 6. 1 LST Electrical Power Subsystem 
Weight, Series Load Regulator Configuration 


COMPONENTS 

No. 

Index 

Weight 

Req'd 

No. 

(kg) 

(lb) 

Power Converter 

24 

Dl-3-4 

131. 7 

290.4 

Power Control Equipment 
(A-hr meter) 

6 

D4-3-2 

9.4 

20. 7 

Battery Charger 

6 

(nh) 

8. 2 

18. 0 

Solar Array (547 ft^) 

2 

(nh) 

372. 0 

820. 0 

Battery (20 A-hr, 22 cells) 

6 

D8-3-6 . 

■ 143.4 

316. 2 

Harness 



446. 8 

985. 0 

Solar Array Boom 



50. 8 

112. 0 

■TOTAL 



1, 162. 2 

2, 562. 3 
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Table 3.6. 2 LST Electrical Power Subsystem 
Weight, Discharge Voltage Regulator Configuration 


COMPONENTS 

No. 

Req'd 

Index 

No. 

Weight 

(kg) 

(lb) 

Power Control Equipment 

6 

D4-3-2 

9.4 

20. 7 

(A-hr meter) 





Power Control Unit 

1 

(nh) 

4. 3 

9.4 

Shunt Regulator 

20 

D2-3-1 

10.4 

23. 0 

Discharge Regulator 

6 

D2-3-2 

26. 6 

58.6 

a 

Battery Charger 

6 

(nh) 

13. 6 

30. 0 

Battery (20 A-hr, 22 cells) 

6 

D8-3-6 

143,4 

316. 2 

Solar Array (391 ft^) 

2 

(nh) 

265. 4 

585. 2 

Harness 



446. 8 

985. 0 

Solar Array Boom 



50. 8 

112. 0 

TOTAL 



971 

2, 140. 1 


Battery charger to include current sensor 










Table 3. 6. 3 LST Electrical Power Subsystem 
Weight, Shunt Voltage Regulator Configuration 


COMPONENTS 

’ 

No, 

Req'd 

Index 

No. 

Weight 

(kg) 

■n 

S' 

Power Control Unit 

2 

D8-3-1 

10. 9 

24. 0 

Shunt Regulator 

34 

D8-3-2 

64. 8 

142. 8 

Solar Array (391ft^) 

2 

(nh) 

265, 4 

585. 2 

Battery (20 A-hr, 22 cell's) 

6 

D8-3-6 • 

143.4 

316. 2 

Harness 



446. 8 

985. 0 

Solar Array Boom 



50. 8 

112. 0 

TOTAL. 


\ ’ 

982 

2, 165 


a 


Modify to drive 34 shunt regulators 














Figure 3. 6, 1 L.ST Electrical Power, 
Series Load Regulation Configuration 
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Figure 3. 6, 2 LST Electrical Power, 

Shunt and Discharge Voltage Regulation Configuration 
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Figure 3, 6, 3 LST Electrical Power, 
Shunt Voltage Regulation Configuration 
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3.6.1 Power Converter 

The power converter requirements and candidate unit 
capability are as follows: 


Parameters 

Requirements 

Candidate 

(Dl-3-4) 

Input Voltage 

20 to 60 Vdc 

20 to 70 Vdc 

Output Voltage 

28 Vdc t 2% 

28 Vdc t 1% 

Output Power /Unit 

300 W Max. 

75W 

Efficiency @ Max. Load 

90% ’ 

72% 

On /Off Command Cap. 

Yes 

Yes 

Current, Limiting 

Yes 

Yes 


The candidate vinit is used on Fltsatcom and is a buck 
boost load regulator type that controls the varying input into a 28 Vdct 1% 
supply. The parameters not met by the candidate unit such as efficiency 
and power rating can be satisfied by increasing the solar array area and the 
number of units. The other units in the catalog do not meet the input voltage 
range and output voltage limits. The DDTfeE is estimated at 10 percent of 
a new development unit. This unit is used in the series load regulator 
configuration. 

3.6.2 Power Control Equipment 

The power control equipment is an ampere-hour meter 
and a current sensor for the battery charger. The requirements and the 
characteristics of the candidate equipment are as follows: 


3-30 




Parameters 

Requirements 

Candidate s 

(D4-3-2) 

(D3-3-2) 

State of Change 
(of 20 A-hr) 

100% 

100% 

100% 

State of Change (for 
load removal - 
command) 

30% 

50% 

30% 

50%, 

Charge and Discharge 
(Battery Current) 

Yes 

No 

No 


The candidate units will require modifications, i.e,, the 
second candidate unit must be modified to provide a 30 percent state of 
change (SOC) signal, and both candidate units must be modified to provide 
battery current. The units can be powered from the regulated 28 V output. 
The DDT&E for the modifications is assumed to be 25 percent of a new 
development unit. This device is used for both the series load regulators, 
and shunt and discharge voltage regulation configurations. 
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3. 6. 3 


Battery Charger 

The battery charger for the series load regulation con- 
figuration requires the following characteristics: 


Parameter 

Requirements 

Type 

Current and voltage limited with 
trickle standby 

Input Voltage 

40 to 60 Vdc 

Charge Current Bimit 

20 A 

Charge Voltage Limit 

Temperature dependent, linearly 
decreasing from 33V at 272K {30 F) 
to 31V at 305K (90°F) 

Trickle Current 

0. 5 A 

Special Design Features 

Automatic switch from high to trickle 
rate upon receipt of 100% SOC signal 
from A-hr meter or reach the voltage 
limit. Automatic cut-off of charge 
current for battery temperature 
greater than 308K (95° F) 


There are no charger units in the catalog that will operate 
at the input voltage range and have the desired control functions. 

The battery charger for the shunt and discharge voltage 
regulator has the same requirements as listed above except for the following: 


Parameters 

Requirements 

Type 

Voltage boost-current and voltage 
limited with trickle charge 

Input Voltage 

28V t 4% 

Special Design Features 

On/off command capability from the 
power control unit 
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The catalog does not list a charger with the proceeding 
design parameters. 

The battery charger for the shunt voltage regulator con- 
figuration includes the power control unit (PCU) since the candidate unit has in- 
corporated both functions within one box. The candidate unit D8-3-1 controls 
battery charge and discharge, drives the shunt regulator to limit the maxi- 
mum bus voltage, senses minimum bus voltage, and distributes the main bus 
to spacecraft loads. The candidate unit will provide 23 to 32V bus voltage, 
and can charge three batteries and drive four shunt regulators per unit. The 
Txnit must be modified to drive 17 shunt regulators per charger unit. To make 
this modification, it is estimated that the DDT&E effort will be 75- percent of 
a new unit. 

3. 6. 4 Battery 

The battery requirements as determined by the SDCM 
computer program to supply an average power of 1878 Watts are as 
follows : 


Electrical 
Power Config. 

No. 

Cells 

A-hr /Bat. 

No. 

Bat. 

Total 

A-hr 

Shunt Voltage 

22 

32.4 

3 

97 

Regulator 





Series Load 

20 

32.4 

3 

97 

Regulator 






The catalog listed batteries do not meet the requirements as determined by 
the SDCM. The alternate approach is to select larger quantities of batteries 
to meet the total required A-hr. The depth of discharge (DOD) that was used 
in the SDCM was 30 percent whereas NASA normally uses a 20 ‘percent DOD . 
Thus, to be conservative, a larger number of batteries will be used in this 
study than indicated by the SDCM. The selected quantity was six 20-A-hr 
or four 30-A-hr batteries as indicated in the following tabulation. 
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Electrical 

Power 

Configuration 

Candidate 

Index 

No. 

No. 

Cells 

A-hr/bat. 

No. 

■ Bat. 

Total 
■ A-hr 

Shimt Voltage 

D7-3-4 

22 

30 

4 

120 

Regulator 






Series Load 

D6-3-2 

20 

20 

6 

120 

Regulator 







Battery assemblies using the standard cells in the Low Cost Systems Office 
(LiCSO) Standard Equipment Announcement can also be used. The assemblies 
will require temperature protection and automatic charge inhibit /terminate at 
308K (95*^F). Under-voltage protection should also be provided by automatic 
shedding of all nonessential loads as a result of either a ^ 24V signal from a 
battery or a 70 percent DOD from an A-hr meter if one is used. 

3. 6. 5 Solar Array 

The solar array requirements for an oriented flat paddle 
as determined by the SDCM computer program are as follows: 



Requirements 


Parameters 

Shunt Voltage 
Regulator 

Series Load 
Regulator 


SDCM 

SDCM 

Modified ^ 

Power, W 
BOL 

3883 

■4350 . 

5438 

EOL2 

3689 

4133 

5166 

Area, m 

36' 

41 

51 

. (ft^) . 

(390) 

(437) 

(547) 

Weight, kg 

265 

297 

372 

(lb) 

(584) 

(654) 

(820) 


^ Values reflect the low efficiency of the candidate load regulator. 
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The average power load is 1878 W, None of the arrays in the catalog meet 
the power output and the mechanical design constraints imposed by the L.ST. 
The array is a new development. 

3.6.6 Power Control Unit 

The PCU is used in the shunt and discharge voltage 
regulation configuration. The unit optimizes the use of array energy 
through control of duty cycle for the shunt regulator, battery charger, or 
discharge regulator. The unit senses the load bus and commands the charger 
"on" after an eclipse. If the bus voltage is high, the shunt regulator is com- 
manded "off" until the bus voltage drops to its low range. Then the discharger 
regulator is commanded "on" and the charger and shunt regulator are com- 
manded "off". 

The PCU requirements are as follows: 


Parameters 

Requirements 

Type 

Input voltage 

Special design 
features 

Autonomous and ground commandable 
28V t 4% 

Control the "on/ off" status of the EPS 
equipment so that the battery recharges 
immediately after an eclipse. If bus 
voltage reaches its upper limit, the PCU 
can command portions of the shunt regulator 
"on. " If the bus voltage reaches its lower 
limit, the PCU can command the boost 
regulators "on,"' and the shunt regulator and 
battery charger "off. " Ground command can 
override the PCU and selectively operate 
components of the PCU. 


There are no PCUs in the catalog. The imit will require new development. 
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3.6. 7 


Shunt Regulator 

The shunt regulator requirements are as follows: 



Requi'r ement s 

Parameters 

At BOL 
Peak Power 

At BOL 
Minimum Load 

Array Current 

88 A 

12. 5 A 

Load Current 
{max - min) 

63. 8 A 

12. 5 A 

Shunt Current 

24, 2 A 

75. 2 A 

Required Power 
(dissipation at max - 
min load) 

677 W 

2110 W 

Type 

Series dissipative across full bus 
{so that it does not complicate 
array design). 

Input Voltage 

20 to 60 Vdc 


Limiting Voltage 
when "on” 

29. 12 Vdc 


Shunt Current - max 

- 75, 2 A 


Power Dissipation max 
{including external 
resistors) 

2110 W 
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The candidate regulators from the catalog are listed in 
the following tabulation. 


Satellite 

Index 

No. 

Input 

-Volt 

Power 

Diss/Unit 

Number 

Needed 

. 

Remark 

DSCS n 

D5-3-2 

16. 3 V 
(tapped 
array) 

70 W 

31 

Driven by 
PCU 

DSP 

D8-3-2 

II 

64. 5 W 

33 

M 

P72-1 

D2-3-1 

30 V 

110 W 

(•with exter- 
nal resistor) 

20 

Self driven 

S-3 

D4-3-1 

24 to 
31.4 V 

100 W 
(with exter- 
nal resistor) 

22 

II 

OSO-I 

Nl-3-1 

33 V 

66 W 

(with exter- 
nal resistor) 

32 

It 

SMS 

N5-3-2 

15 V 
(tapped) 

10 W 

211 

11 

AE-C 

N2-3-1 

-38. 5 V 

29. 2 W 

73 

11 

ATS-F 

N6-3-4 

14 V 

35 W 

61 

Driven by 
PCU 


The prime candidate for the series load regulator configura- 
tion is the unit used on STP 72-1 {D2-3-1) since it uses the smallest number 
of regulators and is self driven. The DDT&E is assumed to be 10 percent 
of a newly developed hardware. 

The prime candidate for the shunt voltage regulator 
configuration is D8-3-2 since this unit is compatible with the battery 
charger and PCU that has been selected for this configuration. The 
unit will provide a bus voltage range of 23 to 32 V. This configuration is 
the least complex of the configurations and will use flight-proven hardware, 
but it will not provide the bus regulation required by LST. This unit can be 
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used with no modifications. 


3. 6. 8 Discharge Regulator 

The discharge regulator is to be commanded by the PCU 
whenever the bus voltage drops to its low range. The requirements and the 
characteristics of the candidate regulator are as follows; 


Parameter 

Requirements 

Candidate 

(D2-3-2) 

Type 

Boost pulse width 
regulator 


Input Voltage 

24 to 31 V 

19 to 26 V 

Output Voltage, 
min. 

26.88 V 

26. 25 t 1 V 

Output Power 
(one per battery) 

150 W ■ ' 

340 W 

Efficiency 

90% at max. 
load 

N/A 

Special Design 
Feature 

Load sharing for 
parallel ops. 

"on /off" command 
capability, current 
limiting 



The candidate regulator is a self-contained unit and would be compatible with 
the battery and load parameters by resetting the unit to provide a minimum 
of 26. 88 V. 

The other discharge regulators in the catalog are an 
integrated part of the PCU. 
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3.7 COMMUNICATION AND DATA HANDLING (CDH) 

The basic communication network for the LST is the 
tracking and data relay satellite (TDRS) system; an alternate communica- 
tion network is the spacecraft tracking and data network (STDN). The 
description of the TDRS and STDN that was used in this effort was based on 
the 1975 edition of the TDRS User's Guide and the 1974 edition of the STDN 
User's Guide (References 7 and 8). 

The mission data to be transmitted per orbit were assumed 
to be one image frame per orbit where the bit content of one frame is 600 M 
bits (Reference 6). Since it is required to transmit one frame over one 
earth station, the direct data rate to ground is 1 Mbps for a 10-min station 
pass. 

The data rate via TDRS is 0. 3 Mbps during one orbit access. 
The access time is 33 percent of the orbit for single access link and 85 
percent of the orbit for multiple access link. The multiple access link was 
not selected for mission data transmission because the data rates are higher 
than 50 kbps and the transmitting power will be relatively high. 

The housekeeping data which are lower in data rates can, 
however, use the TDRS multiple access link. The use of multiple access- 
links will require a spread spectrum transponder for maintaining the flux 
density restriction imposed by the International Radio Advisory Committee. 
This link will also be used to transmit tracking data [pseudo random noise 
(PRN)] and commands. 

The LST communications requirement for both the mission 
and housekeeping data is summarized on Table 3.7. 1. The CDH functional 
block diagram to meet these requirements is shown in Figure 3. 7. 1. The 
information on component redundancies which is not shown in the block 
diagram is provided in Table 3.7.2 for each component along with the 
catalog index number, weight, and power. 
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Table 3.7.1 Communication Requirements 



Sensor Data 
Rates 

TDRS 

Link 

STDN 

Link 

Mission Equipment 

1 frame /orbit 

300 kbps 

1 Mbps 


600 Mbps /frame 

Pulse modulation 

. 

Pulse modulation 

Housekeeping 

1 . 6 kbps 

1 kbps 

Spread spectrum 

51,2 kbps 
Pulse modulation 

Data Storage 


9 

1x10^ bits 

1 X 10*^ bits 

Antenna Coverage 




Telemetry 


Directional 

Omni 

Command 


Omni 

Omni 
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Table 3.7. 2 LST Communication and Data Handling 
Subsystem Weight and Power 




POWER 


COMPONENTS’ 

" ^ 

No. 

Req. 

INDEX 

No. 

1 WEIGHT 

OPERATE 

1 STANDBY 

TOT. PWR. 

(kg) 

lb 

W 

Duty 

W 

Duty 

W 

Communication 










Receiver/ Demodulator 

2 

N5-4-5 

3. 7 

8. 1 

6.9 


4.9 


6. 9 

Baseband Assy ^ 

1 

D8-4-5 

0.9 

2. 0 

0.5 


0 


0. 5 

Transmitter {mission) 

2 

D7-4-1 

1.7 

3. 8 

24. 0 


0 


24. 0 

Transmitter (hskpg) 

2 

D6-4-2 

1.6 

3. 6 

16. 3 


0 


16. 3 

Diplexer 

2 

(nh) 

1.4 

3. 0 

0 


0 


0 

Tracking Receiver 

2 

(nh) 

3. 5 

7.8 

6. 0 


0 


6. 0 

Gimbal 









- 

Spread Spectrum 

2 

NASA^ 

6. 8 

15.0 

10. 0 


4. 0 


10. 0 

Transp, 










Omni*' Antenna, S-band 

1 

(nh) 

3 '. 8 

8.4 

0 


0 


0 

Hi Gains Ant. Gimbal 

2 


11. 0 

24.2 

10 


0 


10 

Hi Gains Antenna 

2 

D8-4-9 

1.9 

4,2 

0 


0 


0 

ladXXCLxlXl^ 



36. 3 

80. 1 





TTTT" 

Command Decoder 

2 

(nh) 

17. 3 

38. 2 

23. 6 


0 


23.6 

Digital TM Unit-Hskp. 

2 

(nh,) 

4. 5 

10. 0 

5, 0 


0 


5. 0 






25 

Record 




Tape Recoder (mission) 

2 

D3-4-3 

15. 2 

33.6 

30 

Playback 



30. 0 

Tape Recoder (hskpg) 

2 

NASA 

10. 0 

22. 0 

4. 0 




4. 0 

Sub Total 



47. 1 

103. 8 





62. 6 

Total 



83. 4 

183. 8 





136. 0 












3 « 

Internally redundant 

■u 

Being developed under separate efforts by NASA 


o s 

Is 



(jj 

I 

CO 


•STDN . 



Figure 3. 7. 1 LST Communication and Data Handling' Configuration ' 




3. 7. 1 


Receiver 


The receiver requirements and characteristics of the 
candidate unit are as follows; 


Parameters 

Required 

Candidate 

(N5-4-5) 

Frequency 

Z. 09 to 2. 12 GHz 

2. 03 GHz^ 

Acquisition 

109 dBm or lower 

-110 dBm 

Noise Figure 

Low 

8 dB 

Track 

t 90 kHz from 
record frequency 

■J] 90 kHz from 
record frequency 

. Time Delay Variations 

Low 

10 nsec 

Dynamic Range 

Good 

-70 to -110 dBm 


a 

Units are generally tunable to required band. 


The candidate unit is a part of the S-band transponder 
which has a demodulator included. Other candidate receivers that are 
flown on AE-C and ERTS-A would meet the general req^uirements but are 
less desirable because of the higher power, heavier unit, and noise figure. 
The estimated DET&E is 50 percent of a new unit. 
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3. 7. 2 Baseband Assembly 


The baseband assembly requirements and character- 
istics of the candidate assembly are as follows: 




Candidate 

Parameters 

Required 

(D8-4-5) 

Subcarrier Frequency 

1. 024 MHz 

1. 024 MHz 

Modulation 

1 . 6 and 5 T. 2 
kbps PCM 

1 to 128 kbps 
PCM 

Ranging Code 

PRN 

PRN 


The selected candidate assembly consists of two 
redundant units with each unit containing a 1. 024 MHz subcarrier oscillator 
and a summation amplifier. The PCM is put on the subcarrier and is 
summed with the PRN ranging as input to the transmitter. Another 
unit -was considered because it probably can meet the requirements with 
minor modifications. 
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3.7.3 


'Transmitter (Mission) 

The transmitter requirements and the candidate trans- 
mitter for the mission data are as follows; 


Parameters 

^ 

Required 


Transmitter Power^ 
Modulation 
Efficiency 
Frequency 

3. 6 W 
PM 
High 

2.2 to 2.3 GHz 

5. 5 W 
PM 
23% 

2.2 to 2.3 GHz 


See Table 3. 7. 3 for link calculation 

The transmitter used on DMSP (D7-4-1) will meet the 
requirement with excess power capablity. A second transmitter that 
is used in SAS-C (N3-4-1) will also meet the requirements but it is not 
as efficient. The NASA standard spacecraft transponder in the LCS 
Standard Equipment Announcement will also meet the requirements for 
this link. 
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3,7,4 Transmitter Housekeeping 

The housekeeping data transmitter requirements and 
candidate unit are as follows: 


Parameters 

Required 

Candidate 

D6-4-2 

Transmitter Power®" 

0. 1 W 

1 W 

Modulation 

PM 

PM 

Frequency 

2. 2 to 2. 3 GHz 

2. 2 to 2. 3 GHz 

Spurious Response 

Low- 

-40 dB 

Coherency 

USB 

SGLS 


^See Table 3i 7. 4 for link calculation 

The only flight-proven transmitter in the catolog that will 
meet the requirements is the unit used on NATO-IH with minor modification. 
The candidate transmitter is about 10 dB overkill in power for this link. 

The second choice is the SMS -transmitter which is rated 
at 0. 2W power but it has quadriphase modulation. The NASA standard, 
spacecraft transponder in the LCS Standard Equipment Announcement 
will meet the requirements of this link. 
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Table 3.7.3 Link Calculations (300 kbps link to TDRS^; 
1000 kbps link to STDN) 


Output Power Requirements - 300 kbps Link 

31 + EIRP^ 

TDRS Antenna Gain 

EIRP 

Power 


55.2 

20 dB 

24. 2 dBm 

4. 2 dB = 2,6 W 


Onmi Antenna Gain Requirement - 1000 kbps Link 

LST Transmitter Power (dBm) 32 

LST Line loss (dB) -2 

LST Antenna gain (dB) G 

EIRP (dBm) 30 + G 

Space loss (1400 nmi) (dB) -168 

Ground antenna gain (dB) -30 ft dia 44 

Total received power (dBm) . ' -94 + G 

Ground station spectral noise density -176.3 > 

(dBm/Hz) 

Received power to spectral noise density 82. 3 + G 

(dBm/Hz) 

Noise bandwidth (1000 kbps) (dB) 60 

Received power to noise spectral density (dB) 25.3 + G 

Required signal-to-noise ratio (dB) 9.6 

Groxmd station degradation (dB) 4 

Link margin (dB) 3 

25.3 + G = 19.6 

G = -5.7 dB 


^From TDRS User’s Guide (Reference 8) single access S-band return link 
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Table 3. 7,4 Link Calculations (51.2 kbps housekeeping link to STDN) 
Required Transmitter Power - 51.2 kbps Link 


LST Transmitter Power (dBm) 

Pt 

LrST Line loss 

-2 

LST Antenna gain (dB) 

-5.7 

EIRP (dBm) 

P^-7.7 

Space loss (dB) 

-168 

Ground antenna gain (dB) -30 ft dia 

44 

Total received power (dB) 

-131.7 + P, 

Ground station spectral noise density 
(dBm /Hz) 

-176.3 

Received power to spectral noise density 
(dBm/Hz) 

44. 6 + P^ 
t 

Noise bandwidth (dB) 

47. 1 

Received power to noise 

-2.5 + P^ 

Required signal-to-noise ratio (dB) 

9.6 

Modulation loss (dB) 

3. 0 . 

Ground station degradation (dB) 

4 

Link margin (dB) 

6.0 

-2,5 + P^ = 22.6 


P^ = 20. 1 dBm 
= 100 mW 
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3. 7. 5 Diplexer 

The diplexer must transmitt and receive at USB 
frequencies for theTDRS and STDN links. Each unit must contain a 
hybrid to allow both receivers to monitor the uplink continuously and to 
allow simultaneous transmission of two downlink data streams. There 
are no diplexers in the catalog that will meet the requirements 

3.7.6 . Tracking Receiver (Gimbal) 

The tracking receiver is used to direct the hi gain antenna. 
This type of component is not contained in the catalog. It must be a new 
design, possibly a monopulse tracking type. The pointing or tracking 
accuracy requirements are in the order of 4^0.02 rad ( ± 1 deg). Two 
receivers are required to provide continuous line of sight when the LST 
is in view of the TDRS. 

3.7.7 Spread Spectrum Transponder and Electronics 

When the TDRS is used, the forward and return links must 
incorporate spread spectrum modulation techniques. The modulation being 
staggered quadriphase PRN. The command data is {modulo-2) added to the 
PRN on both I and Q channels of the forward link. I and Q channels are the 
data stream transmitted by 0 and 180 degrees, and 90 degree phase modu- 
lation of the reference carrier, respectively. The housekeeping data, 
tracking, and command can use the TDRS multiple access communication 
service system since the data rate is less than 50 kbps.. However, the 
mission data at 300 kbps must use the TDRS single access service system. 

The equipment to provide this function of spread spectrum 
transponder, a correlator for extracting the command data, a modulo- 2 
adder, and an error correcting encoder is not currently available. NASA 
is planning to develop -a standard TDRS compatible transponder. The 
schedule delivery date for the first unit is May 1978. 
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•3.7.8 


Omni Antenna - S-Band 


The Omni antenna for the S-band link to the STDN stations 
is a lo-w gain, two boom-movinted conical log spirals. There are no 
antennas in the catalog that will meet both transmit and receive USB 
requirements. There is an antenna (D2-4-1) in the catalog that meets 
the transmit requirements and may possibly be modified to incorporate 
the receive capability. The unit is a boom-mounted conical log spiral 
that was used on STP 72-1. The gain requirement is at least -5 dB over' 
85 percent of 4 it steradian.. Two boom-mounted conical log spirals would 
have to be used to get this coverage and gain. 

3. 7. 9 Hi -Gain Antenna and Gimbal 

The hi- gain antenna for the TDRS link requires a gain of 
-20 dB (see link calculation. Table 3.7,3). The only known hi-gain unit 
is the parabolic antenna used on the DSP (D8-4-9). The antenna diameter 
is 0.61 m (2 ft) and weight is 1 kg (2. 1 lb). An antenna gimbal system 
that appears suitable -for this application has been flown on an Air Force 
program.. The unit has been designed to provide a pointing accuracy- of 
±0.02 rad-(l deg), and was fabricated at Aerospace (Reference 9). The 
Tinit gimbal weight including electronics for motor, detections, and 
circuitry is 5.4 kb (12 lb). Power usage is 5 W. No other known gimbal 
system has been designed and flown in space. Two hi-gain antenna and 
gimbal assemblies are required to provide TDRS line of sight.. The 
estimated DDT&E is 25 percent of a new unit. 
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3.7. 10 


Command Decoder 


The basic requirements of the decoder are as follows. 


Paramete r 

Requirements 

Number of stored commands 

4000 words 

Stored command time interval 

24 words 

Word length 

28 bits 


The command decoders in the catalog cannot meet the 
required capability. The 28-bit word length and 24-hour command storage 
time are beyond the capability of the flight- proven units. The longest word 
length amongst the decoders is 16 bits. The OSO-I memory unit (Nl-4-7) 
has 4096-word memory capacity and 16-bit word size. The AE-C memory 
unit (N2-4-14) also has 4096-word memory capacity but only 10-bit word 
size. The unit will require new development. 
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3.7. 11 


Digital Telemetry Unit (DTU) and Clock 

The DTU which includes a multiplexer, analog- to -digital 
converter, clock, and conditioner has the following requirements. 


Parameter 

Requirements 

Bit rate 

1 . 6 kbps 

Word length 


Number of main frame words 


Number of words per subframe 


Clock stability 

9 

1 in 10 in 24 .hours 

Time resolution 

1 |i s 

Time error recoverable to GMT 

10 ms 


The catalog has no DTUs that can provide such a low bit 
rate (1.6 kbps). Furthermore, sufficient information on requirements 
is not provided to estimate the number of channels required. The clock 
is arbitrarily included in this unit. It provides timing for the DST 
transmitted data. This unit will be a new development. 
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3. 7. 12 


Tape Recorder (Mission Data) 


The mission data recorder requirements and the 
characteristics of the candidate recorder are as follows: 


Parameters 

Requirements 

Candidate 

D3-4-3 

Record Rate 

500 kbps 

32, 512 and 1,024 kbps 

Total Storage 

1x10^ bits 

1. 53x10^ bits 

Record/Playback 
Speed Ratio 

1:0. 6 & 1:1 

32:1/2:1/1:1 

Bit Error Rate 
(BER) 

1 in 10^ 

1 in 10^ 


The candidate recorder that was used on STP 72-2 would have to be 
modified to accommodate the record rate and the record playback speed 

Q 

ratios. The NASA standard 10 magnetic tape recorder will meet the require- 
ments. The DDT&E is estimated at 10 percent of a new development. 

3. 7. 13 Tape Recorder (Housekeeping) 

The tape recorder requirements for the housekeeping 
and scientific equipment status data are as follows: 


Parameters 

Requirements 

NASA Std Tape 
Recorder - 10 

Record Rate 

1. 6 kbps 

1. 7 kbps (min) 

Total Storage 

30x10^ bits 

3, 2x10^ bits 

Record/Playback 
Speed Ratio 

1:32 

160:1 to 1:160 

Bit Error Rate 
(BER) 

1 in 10^ 

5 in lO"^ @ BOL 
1 in 105 @ EOL 
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None of the tape recorders in the catalog could meet the low record rate 
of 1. 6 kbps. The lowest record rate in the catalog is 6. 4 kbps. The NASA 

g 

standard 10 magnetic tape recorder that is described in the LCS Standard 
Equipment Announcement meets the requirement except for the record 
rate and BER. For- this study it is assumed that the requirement or 
capability will be, changed to meet the needs. 
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4. HEAT CAPACITY MAPPING MISSION (HCMM) 


4. 1 MISSION DESCRIPTION (Reference 10) 

The primary mission objective is to produce a thermal map of the 
continental United States at the optimum times for thermal inertial measure- 
ments for discrimination of rock types and mineral resource location. The 
secondary mission objectives are to: 

a. Measure plant canopy temperatures at frequent intervals 
to determine the transpiration of water and plant stress. 

b. Measure soil moisture effects by observing the temperature 
cycle of soils. 

c. Map thermal effluents, both natural and man-made. 

d. Provide frequent coverage of snow fields for water runoff 
prediction. 

To accomplish the mission objectives, the spacecraft is to pro- 
vide the following; 

a. Desirable and minimum lifetime - 12 months. 

b. 600 km (324 nmi) circxilar orbit x 97, 8-deg inclination 

(sun synchronous). The allowable orbit must be correctable 
with the orbit adjust system to 600 + 30 km circular 
stm- synchronous orbit. 

c. Ground communication _ STDN network. 

The launch vehicle is the four -stage standard Scout. The fourth 
stage, including the payload, is spin- stabilized. 

4.2 MISSION EQUIPMENT DESCRIPTION 

The HCMM instrument characteristics are summarized in the 
following tabulation, and a drawing is shown in Figure 4. 1 (References 
10 and 11). 
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W eight 
Power 


37.4 kg (82. 5 ib) 


40W max. 

34 W data taking 
22 W standby 
26 W average /orbit 

Pointing accuracy 3 -axis stabilized 

± 0. 17 rad (± 1 deg) roll and pitch 
± 0. 35 rad (± 2 deg) yaw 

28 Vdc ± 2 % 

0. 54j 0 X O'. 43'hx 0. 23w 

Wideband data 
S-band (2. 2-2. 3 GHz) 

The instrument is earth pointing along the Z axis and three-axis stabilized 
(see Figure 4.2), The weight includes sensor, converter, support electronics, 
multiplexer, structure, thermal control, and harnesses. 

4. 3 SPACECRAFT DESCRIPTION 

The spacecraft (base module) which houses the housekeeping 
subsystems is constrained in size to fit within the standard Scout shroud and 
in weight to 97 kg (214 lb). The housekeeping subsystems are the stabiliza- 
tion and control (SC), auxiliary propulsion (AP), electrical powet (EP), and 
communication and data handling (CDBE) subsystems. Alternative configura- 
tions for SC and EP subsystems were examined; however, the AP and CDH 
subsystems were limited to-one design each because of the weight constraint 
and commimication requirements. 

The spacecraft is launched and inserted into orbit with the 
fourth stage attached and spinning. After insertion and separation from the 
spent fourth stage, two stabilization methods were considered for earth 

'“'Calculated from the power profile in Reference 11. 


Voltage 
Size (m) 
Data rate 
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4 - 4 


acquisition. The stabilization sequence for HCMM includes a sun pointing 
mode followed by earth acquisition. The second stabilization sequence 
which can be used for both HCMM and SAGE is configured to acquire the 
earth directly. The HCMM-only configuration is lighter since only one 
scan wheel assembly is required. The HCMM/SAGE configuration has 
two scan wheel assemblies. Both designs will provide the same on-orbit 
pointing accuracy. The HCMM-only configuration is not applicable to the 
SAGE mission because of the orbit characteristics. 

The EP subsystem considered two types of power control methods: 
series load regulation and discharge voltage regulation configurations. The 
oriented arrays were not traded against fixed arrays because oriented 
arrays are generally lighter than fixed arrays for sun synchronous missions 
and require cells on only one side. The deployable -array arrangement 
with respect to orbit plane- and spacecraft pointing direction is shown in 
Figure 4,3,1 

The total HCMM spacecraft weight is 102. 5 kg (Table 4. 3. 1). 

The estimated weight exceeds the rtiaximum allowance of 97 kg. Weight 
reduction can be achieved by design- optimization; however, it can be 
expected that extensive use of flight-proven hardware can result in high 
weight since in many areas the component capability exceeds requirements. 
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Table 4. 3, 1 HCMM Weight and Average Load Power 



WEIGHT 

AVERAGE 

LOAD 

POWER 

W 

SUBSYSTEM 

kg 

lb 

Stabilization and Control 


54.7 

24.0 

CDH 


24.6 

19.6 

Auxiliary Propulsion 
Dry Weight 

6.5 

14. 3 

0 

Hydrazine 

9.2 

20.3 


Electrical Power 

30.5 

67. 1 

0^ 

Structures and Thermal 

20.4 

45.0 

0 

Spacecraft Total 

102. 5 

226.0 

43.6 

Mission Equipment 

37.4 

82.4 

26.0 

Satellite Total 

139.9 

308.4 

69. 6 


^Electrical power converter and storage efficiencies not 
considered as load power. 
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4.4 


STABILIZATION, AND CONTROL 


The satellite is injected into orbit by the launch vehicle at about a 
90 rpm spin rate. The SC must despin, three -cixis stabilize, and earth point 
the satellite. The SC is also required to be capable of stabilizing the satel- 
lite from a tumbling mode at any time'in the mission lifetime. To provide 
this capability, two SC approaches were considered for HCMM. The first 
version, which is suitable for HCMM, does not meet the SAGE requirements 
because of the different orbit. The SAGE orbit is 50-deg inclination, and 
the HCMM orbit is 97.8-deg inclination for a sun- synchronous 2:00 PM 
ascending node. Both orbits are circular at 600 km altitude. The two types 
of orbits during the one-year orbit about the sun are depicted in Figure 4.4, 1 
for a specific set of launch conditions. 

The acquisition of the satellite for the first version is performed 
by initially acquiring the sun and then acquiring* the earth. This 
maneuver sequence results in requiring only one scan wheel assembly. 

The second version, which is applicable to both HCMM and SAGE, acquires 
the earth directly, but the maneuver will require two scan wheels. The 
scan wheels are heavy. The weight of the HCMM -only configuration is 
lighter than the HCMM/SAGE configuration by 3. 6 kg (7. 9 lb). The two 
types of SC configurations use basically the same components, but they 
differ in the quantity of each component and the control electronic assembly. 

The candidate components, along with the quantity, weight, and 
power for the two configurations, are listed in Tables 4.4. 1 and 4.'4. 2. 

The estimated weights for HCMM and HCMM/SAGE are 24. 8 kg (54. 7 lb) ■ 
and 28. 4 kg (62. 8 lb). The block diagrams of HCMM and HCMM/SAGE 
are shown in Figures 4. 4. 2 and 4.4. 3. The HCMM configuration uses 
four sun sensors for the sun acquisition mode and one scan wheel assembly. 
The HCMM/SAGE configuration uses two scan wheel assemblies and no 
sun sensor information for automatic acquisition. 
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Figure 4.4. 1 HCMM and SAGE Orbits for 
Specific Launch Condition 
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Table 4,4, 1 HCMM Stabilization and Control Subsystem 



POWER 


■ 

No. 

INDEX 

WEIGHT 

OPERATE 

STANDBY 

TOT. PWR. 

COMPONENTS 

Req, 

No. 

(kg) 

lb 

W 

Duty 

W 

Duty 

W 

Scan Wheel Assembly®" 

1 

D3-1-1 

6, 6 

14.6 

4 

100% 



4 

Rate Gyro Assembly 

1 

(nh) 

0.9 

2.0 

8 

b 

0 

b 

0 

Coarse Sun Sensor 

4 

N6-1-9 

1.3 

2.8 

0 

b 

0 

b 

0 

Sun Sens.or Elect. 

1 

(nh) 

1,n8 

4.0 

4 


0 


0 

Wide Angle Sun Sensor 

2 

develope 

3 0. 1 

0.3 

0 


0 


0 

Solar Array Drive Mtr 

2 

(nh) 

5.5 

12.0 

0 

100% 

0 


0 

Solar Array Drive Elect. 

2 

(nh) 

2.3 

5.0 

10 

100%- 

0 


10 

Valve Driver*^ 

1 

(nh) 

0. 9 

2.0 

0 


0 


0 

Control Elect. Assembly‘S 

1 

(nh) 

5.4 

12.0 

10 

100% 



10 




24. 8 

54.7 





24 

1 ^ Reaction wheel and earf 

1 sens 

or comb 

nation ( 

II/MC40‘ 

-0003) 





° Operates only during ac 

:jui s iti 

on mane' 

ivers 







‘s Internally redundeint 
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Table 4.4.Z HCMM/SAGE Stabilization and Control Subsystem 



POWER 


- " ' 

No. 

INDEX 

WEIGHT 

OPERATE 

STANDBY 

TOT. PWR. 

COMPONENTS 

Req. 

No. 

(kg) 

lb 

W 

Duty 

W 

Duty 

W 

Scan Wheel Assembly®" 

2 

D3-1-1 

13.2 

29.2 

8 

100% 



8 

Rate Gyro Assembly 

1 

(nh) 

0.9 

2.0 

8 

b 

0 

b 

0 

Sun Sensor 

1 

N5-1-1 

0. 1 

0. 3 

0.0: 

100% 



0 

Wide Angle Sun Sensor 

2 

ievelopec 

0. 1 

0. 3 

0 


0 


0 

Solar Array Drive Mtr. 

2 

(nh) 

5.5 

12.0 

0 


0 


0 

Solar Array Drive Elect 

2 

(nh) 

2.3 

5.0 

10 

100% 

0 


10 

Control Elect. Assembly^ 

1 

(nh) 

5.4 

12,0 

10 

100% 

0 


10 

Valve Driver‘S 

1 


0.9 

2.0 

0 


0 


0 




28.4 

62. 8 





28 

Reaction 'tvheel and earth s 

;nsor 


Lon (Rl/l 

1C409-00 

B) 





^ Operates only during acqui 

sition 


^s 







^ Internally redundant 
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'S' Active only during acquisition mode 


Figure 4. 4, 2 HCMM Stabilization and Control Subsystem 
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-Figure ■4,4. 3 -HCMM/SAGE Stabilization and Control Subsystem 
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Both of the SCs assume that the satellite can be launched at any 
time of the year and that orbital reacquisition capability at any time of the 
year shall be provided. It is also assumed that the spacecraft "Z" (yaw) 
axis is to be earth pointing and the "Y” (pitch) axis is to be normal to the 
orbit plane throughout the mission life. The acquisition sequence of events 
is siimmarized in Table 4.4.3. 

Detailed discussion and analysis of the two control concepts are 
presented in Appendix A. 

4.4,1 Scan Wheel Assembly (SWA) 

The scan wheel assembly scans the earth and controls the space- 
craft attitude by momentum exchange. The requirements of the SWA and 
the characteristics of candidate components are as follows: 


Parameter 

Re quir ement 

Candidate 

D3-1-1 

Angiilar momentum 

0.41 to 0. 55 

0. 55 to 0. 69 

mkgs (ft-lb-g'ec) 

(3 to 4) 

(4 to 5) 

Accuracy, mrad (deg) 

8.7 

(0.5) 

3.5 (0.2) 

Altitude, km 

600 

< 2780 

Output 

pitch and roll 

pitch and roll 

Power, W 

21 

. 19 

Weight, kg (lb) 

low 

6.6 (14.6) 

Design life, yr 

1 

0. 5 


The candidate units exceed the requirements in all the listed 
parameters except the .design life; the STP 72-2 specified design life was 
0, 5 yr; however, the plan was to use the unit for 1 yr. The weight can be 
reduced since the angular momentum capability exceeds the 
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Table 4.4. 3 HCMM Acquisition Sequence of Events 


HCMM 

HCMM/SAGE 

Despin (thrusters) 

Despin (thrusters) 

Acquire Sun 

Riinup Wheels 

Point at Sun (thrusters) 

Acquire Earth 

Runup Wheels 

Point at Earth (thrusters) 

Acquire Earth 

Fine Earth Pointing 

Point at Earth (thrusters) 


Fine Earth Pointing 
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requirement by about 25 percent. For this study, it is assumed that this 
weight reduction will not be performed. The wheel spin (pitch) axis is 
perpendicular to the orbit plane. 

4.4.2 Rate Gyro Assembly 

The RGA is used only during the acquisition phase and is not used 
during the fine attitude control. The requirements of the RGA are as follows: 


Parameter 

Requirement 

Range, yaw rate 

0. 17 mrad/s to 

0. 35 rad/s (0. 01 to 20 deg/s) 

Tolerance 

Withstand 18,85 rad/s (1080 deg/s) 


about any axis while not operating 
without subsequent degradation ' 

Design life 

1 year 


There are no RGAs in the catalog; however, there exists a flight -proven 
single ^axis channel of a three -axis RGA unit that was manufactured by 
Timex Corp. for LMSC. It is recommended that the gyro unit be repackaged 
for a single-axis only to conserve weight and power. For this study, it 
will be assumed that the repackaging amd requalification is equivalent to a 
new development effort. The characteristics of the unit using the Timex 
components should be as follows: 


Parameter 

Characteristics of Candidate 
CD040 Gvro 

Input range 

± 0,35 rad/sec (± 20 deg/s) 

Threshold 

0. 17 mrad/sec (0. 01 deg/s) 

Nonlinearity 

± 12% to ± 0. 1 rad/s (± 6 deg/s) 

F eature s 

Will withstand design rates with no 
significant degradation subsequently 

Design life 

1000 hours min. of operation 
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4.4.3 Coarse Sun Sensor and Electronics 


The sun sensor is used to align the yaw axis of the spacecraft 
with the sun. During the initial acquisition or reacquisition, the spacecraft 
orientation can be in any direction'. The sun sensors must, therefore, 
provide 4ir steradian coverage. The requirements of the sun sensor and 
the characteristics of the candidate unit are as follows: 


Parameter 

Requirement 

Candidate 

(N6-1-9) 

FOV 

47T sr 

47T sr with 
4 units 

■ Accuracy error 

<± 10% 

+3% 

- 12% within 
± 0. 22 rad (± 13°) 
of null 

Design life 

1 year 

NA 

Measurements 

pitch and roll 
about sun line 

pitch and roll 
about sun line 


Two of these sensors, which are used on ATS-F, should be 
located on the +X axis and two on the -X axis. It is theoretically 
possible to get the necessary spherical coverage with two three -eye sensors 
(N6-1-9) and two two -eye sensors (N6-1-10); however, actual installation 
may not provide a completely unobstructed FOV. Also, to exclude un- 
warranted reflections from the spacecraft, it may be necessary to restrict 
the FO'V's of the heads by appropriate restrictions. The sensors should 
be applicable without any changes. 

The electronics for the sensors, however, will require new 
development. The electronics must process the coarse sun sensor pitch 
and roll signals from all four sensors. The output representing pitch 
and roll signals of the satellite to the sun line will be fed to the control 
electronics assembly. This unit is only energized during the acquisition 
phase. 
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For the HCMM/SAGE control configuration, the sun sensor data 
is used only to provide spin rate data to the ground, station. This infor- 
mation is not used in the control logic, and therefore only one unit is 
required. 

4.4.4 Wide Angle Sun Sensor (WASS) 

The WASS is mounted on the active side of each solar array to 
provide pointing data for the solar' array drive electronics. The output 
will be a function of the angle between 'the sensor and the array normal. 
The ^requirements of the WASS and characteristics of the candidate are 
as follows; 


Parameter 

Requirement 

Candidate 

FOV 

Accuracy 

1.57 rad (± 90 deg) 
± 0. 09 rad (±5 deg) 

1. 57 rad (± 90 deg) 
± 0. 035 (± 2 deg) 


The candidate device is a Bendix wide angle sun sensor (P/N 
1771858). These devices were to be used in a similar application on the 
Earth Limit Measurement Satellite (ELMS) Program, which has since 
been cancelled. No suitable devices are in the catalog. 

4.4.5 Solar Array Drive and Electronics (SADE) 

The requirements of the SADE are as follows: 


Parameter 

Requirement 

Load 

SAS-C type arrays 

Rotation rate 

0. 07 rad/min. (3. 75 deg/min) 

Accuracy 

0. 175 rad (10 deg) 

W eight 

Low (< 6 lb) 

Power 

Low {< 5W) 
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The SAS-C solar panel rotation system was examined for this 
application, but was found to be unsuitable because of the following reasons: 

a. ■ No slip rings are incorporated, since the shaft rotates only 

1. 57 rad (90 deg). 

b. Mechanical linkage of levers and pulleys would probably be 

difficult to adapt to HCMM. 

c. Rotation speed is probably too high. A new speed reducer 

or a lower speed motor will probably be required. 

d. The power usage is high (8W). 

The electronic assembly to drive the motors with inputs from 
the WASS and ground commands will also be required. The assembly 
sho\xld contain dc-dc converters, internal logic and control elements, 
and angular position sensors. 

4.4.6 Valve Driver Assembly 

The VDA is required to accept the control signals from the CEA 
and to apply 28V to the eight 1-lbf and the two 0. 1-lbf thruster solenoids. 
The 1-lbf thrusters and the 0, 1-lbf thrusters are from the ERTS and 
FLTSATCOM Programs. The FLTSATCOM valve drive and electronic 
units are contained within a larger package of other subassemblies, 
and the unit is capable of driving 20 thruster solenoids. The unit weighs 
too much because it has too great a capability. Specification data for ERTS 
were not available. 

The VDA must be completely redundant since the candidate 
thrusters have dual solenoids, and the active circuitry should be selectable 
by ground command. Also, the thrusters should be controllable from the 
ground as a backup mode. The VDA will be a new development. 

4.4.7 Control Electronics Assembly (CEA) 

The CEA is required to provide the following functions during 
the acquisition and fine control phases: 
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a. Process and filter the inputs from sun sensors and rate gyros 
during the acquisition .mode, and the earth sensor inputs from 
the SWA for the spacecraft fine pointing mode. 

b. Process ground commands including Av corrections. 

c. Compute the pitch and roll analog signals according to' the control 
laws governing the momentum exchanger devices and sequence 
the control events. 

d. Drive the SWA motors and provide signals to the VDA. 

e. Convert 28V bus'voltage to regulated secondary dc voltages and 
and ac reference waveforms for the SWA. 

The circuitry should be completely redundant to enhance reliability 
and minimize' or preclude single point failures." Only one -half of the circuit 
should be active at any one time. ‘ Ground commands should select the cir- 
cuits to be energized. No units exist in the catalog "that wilTprovide the 
above logic functions. The CEA is a new development 

4. 5 AUXILIARY- PROPULSION " 

The AP "design requirements" for providing attitude control, velocity 
correction, and acquisition are as follows: 


Parameter. ■ - 

Requirement 

Total Impulse 

16, 000 Ns (3600 Ib-s) + 10% margin 

Thrust levels 

Eight 4. 4N (1 Ibf) 
Two 0. 4N (0. 1 Ibf) 

Life 

One year, . 50, 000 pulses 

Reliability 

No single point failure mode.. 

•\^th exception of tank and pressurant 


• fill valve . . 


Hydrogen monopropellant .was selected because of the critical 
weight constraint. The hydrazine propellant" subsystem is 13.6 kg (30 lb) 
less than a cold gas nitrogen system. A pressure blowdown method is 
recommended which eliminates a separate -nitrogen pressurization source. 
The propellant tank may be isolated with the latching valve in' the event of 

* Total impulse required has been increased to 20, 172 Ns (4535 lb s) 

(see Appendix A, page A- 11) 
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a plumbing leak. The thrusters have dual seat and dual coil valves and 
are not isolated. Redxmdancies are not provided in the AP subsystem. 

The total impulse was obtained from the SDCM program which 
computes the torques from aerodynamics, solar radiation, and gravity 
gradient disturbances. The 0. 44N thrusters are to provide the fine pointing 
for roll-yaw correction, and the 4. 4N thrusters are to provide pitch, roll, 
and yaw torques and velocity correction. 

.The functional diagram of the AP is shown in Figure 4. 5. 1. The 
candidate units for each component are listed in Table 4. 5. 1, and the 
selected components with the selection rationale are shown in Table 4. 5. 2. 
All of the AP components will be flight proven. The plumbing and inte- 
• gration, however, will require the usual DDT&E expenditure. The total 
weight is 15.7 kg (34.6 lb), and the average power is zero. 

4. 6 ELECTRICAL POWER 

The basic requirements for the EP subsystem were determined 
from the SDCM computer program. The SDCM selects components from 
the data base and scans the component power, assuming 100 percent 
duty cycle. The program computes the power in this manner and uses this 
level as an average load power. The average load power was recomputed 
using the components selected by the engineers and the estimated duty cycle 
of each 'component. The average load power is shown in Table 4. 3. 1. The 
required solar, area was also recomputed to reflect the reduced average 
load power and the efficiencies of the selected components. The com- 
parison of the SDCM results and' the modified values for duty cycles and 
efficiencies are as follows: 



SDCM 

Modified 

Average load power, W 

113.2 

69.6 

BOL power, W 

275. 7 

201.4 

EOL poyrer, W 

262. 0 

191.4 

Solar array area, m (ft ) 

2.58 
(27, 7) 

1. 88 
(20. 3) 
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Figure 4. 5, 1 


HCMM Auxiliary Propulsion Subsystem 




Table 4. 5. 1 Candidate AP Components for HCMM 


COMPONENT 

INDEX 

NO. 

CHARACTERISTICS 

WT/COMP. 

(kg) 

NO. 

REQD.i 

Tank, hydra- 





zine. 





diaphragm 

D7-2-1 

7, 374 cm (450 in. 

1.6 

2 


N6-2-1 

38, 100 cm3 (2325 in.3) 

4. 6 

1 


CTSa 

17, 700 cm3 (io80in.3) 

2.5 

1 

Thruster 





1 lb£ 

N7-2-7 

Dual seat valves 

0.3 

8 


Dl-2-3 

Dual seat valves 

0.4 

8 



(unflown) 



Thruster 





0. 1 Ibf 

N6-2-2 

Single seat valve 


2 


Dl-2-4 

Dual seat valve 


2 

Filter 

N2-2-7 

15 micron 

0. 13 

1 


N6-2-4 

25 micron 

0.0'5 

1 


Dl-2-6 

10 micron 


1 


D5-2-4 

15 micron 

0.20 

1 

Isolation 

N2-2-3 

Non- sliding 

0,08 

1 

Valve 

N5-2-4 

Non- sliding 

0.24 

1 


N6-2-3 

Sliding solenoid 

0.54 

1 

Fill/drain 

Nl-2-5 


0. 11 

2 

Valve 

N2-2-6 


0. 10 

2 


N5-2-5 


0. 11 

2 


N6-2-5 


0. 13 

2 


Dl-2-5 


0.07 

2 


Flown on Canadian Technology Satellite, P/N PSl 80187-1, 











Table 4. 5. 2 HCMM AP Components 


COMPONENT • 

INDEX 

NO. 

NO. 

REQE 

TOTAL 

WEIGHT 

RATIONALE FOR 
SELECTION 


(kg) 

(lb) 

Tank, hydrazine 
diaphragm 

(developed] 

a 

1 

2.5 

5. 5 

" Min, weight and' vol. 

Thruster, 1 Ibf 

N7-2-7 

8 

2.3 

5.1 

Unit flight proven 

Thruster, 
0. 1 Ibf 

Dl-2-4 

2 

0, 6 

) 

r. 3 

; Dual seat valve 

Isolation valves 
latching 

N2-2-3. 

1 

0.1 

0.2 

Min. weight and non- - 
sliding configuration 

Filter 

N2-2-7 

1 

' 0.1 

0.2' 

. Min. weight and filter 
; rating 

Fill/ vent valve 

Dl-2-5 

2 

0,1 

0.. 3 

Min, weight 

Temp, trans. 

— 

• 1 

0.1 

0.2 


Press,. trans. 

— 

1 

0.1 

0,2 


Plumbing 

— 

2 m 

o’6 

1.3 


Dry Weight 



6.5 

14. -3 


Hydrazine^ 



9.2 

20.3 


Wet Weight 


n 

15.7 

34.6 



Tank developed for Canadian Technology Satellite by PSI 

Required hydrazine has been increased to 11. 6 kg (25. 6 lb) because of 
required increase in total impulse. It is proposed that this increase be 
accommodated by reducing ullage volume in the tank. 
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The solar area requirements were computed for stm-oriented flat panel 
configuration. 

The voltage control specified in Reference 11 is 28V ± 2 percent. 
The EP configuration that would be simple and meet the voltage requirement 
is the. series load regulator. As an alternative configuration, the shunt 
and discharge voltage regulator has been included to examine the effects 
of providing a more efficient power control but less voltage control. The 
alternate configuration provides 27V ± 6%. The functional block diagrams 
of these concepts are shown in Figures 4. 6, 1 and 4, 6, 2. The components 
that have been selected for the two configurations are listed in Table 4,6. 1, 
The series load regulator configuration weight is 30.5 kg (67,. 1 lb) and 
the alternate configuration is 31.3 kg (68.6 lb). 

4.6.1 Power Converter 

The requirements of the power converter and- the characteristics 
of the candidate units are as follows: 


Parameter 

Requirements 

' 

Candidates 


Dl-3-4 

Nl-3-3 

N6-3-1 

Input voltage, 
V 

20 to 60 

20 to 70 

23 to 33 

30. 5 ± 0.6 

Output voltage, 
V 

28 ± 2% 

28 «± 1% 

32 ± 1 

28.0 ± 1.6% 

Output power, 
W 

70 

75 

60 

150 

Efficiency, % 

80 

71 



Design life, yr 

1 

5 

1 

2 

Special design 

Current 
limiting and 
fault pro- 
tection' 

C ommandable 
triple section 

C o inmandable 

redundant 

section 

Part of 
power 
regulator 
unit 

"Weight, kg (lb) 

5.5 (12.1) 

5.5 (12.1) 

3.2 (7.0) 

na 
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Figure 4. 6. 2 Shunt and Discharge Voltage Regulator Configuration 


4-2' 







Table 4. 6. 1 Electrical Power Subsystem Component Listing 


COMPONENTS 

NO. 

INDEX 

WEIGHT 


NO. 

(kg) 

(lb) 

Series Load Regulator 
(28V ± 2%) 

’Power Converter 

1^ 

■ Dl-3-4 

2.2 

4.9 

Battery Charger 

2 

(nh) 

2.4 

5.2 

Battery 

2 

N5-3-4 

6.8 

15.0 

Solar Array (21.6 ft^) 

2 

N3-3-l^ 

14. 1 

31.0 

Harness 



5.0 

11.0 

' 



30.5 

67, 1 

Discharge Voltage Reg-Alt 
(27V i- 6%) 

Shunt Regulator 

2 

D4-3-1 

1.2 

2.8 

Discharge Regulator 

1 

D2-3-2 

4.5 

9.8 

Battery Charger 

2 

(nh) 

2.4 

5.2 

Battery 

2 

, N5-3-4 

6. 8 

fm 

Solar Array (17. 3 ft ) 

2 

N3-3-l‘= 

11.2 

24.8 

Harness 



5.0 

11.0 




31.1 

68. 6 


^ Remove two of the three sections in this unit. 

^ SAS-C array panel modified by adding two panel segments to 
each solar wing for a total of five segments /solar wing 

^ SAS-C array panel modified by adding one panel segment to 
each solar wing for a total of four segments /solar wing. 
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The prime candidate is the first unit (Dl-3-4) since it will operate over 
the wide input range and provide the desired output voltage-. Each unit 
contains three 75-Watt sections that can operate in parallel. Since weight 
is critical, two sections should be removed. This should reduce the weight 
to about 2.2 kg (4. 9 lb). The modification to remove two sections is 
estimated to be about 20 percent of the DDT&E. 

4.6.2 Battery Charger 

The requirements of the battery charger for the series load 
regulator, and shunt and discharge regulator configurations are as follows: 


Parameter 

Series Load 
Regulator 

Discharge 

Regulator 

Type 

Current and voltage 
limited with trickle 
standby 

Same 

Input Voltage 

20 to 60 V 

20 to 28.56 V 

Maximum Charge 
Current 

2A 

Same 

Charge Voltage 
Limit . . 

- Temp, linearly decreas- 
ing from 30V at 2-72K to 
22V at 30 5K 

Same 

Trickle Current 

O.IA 

Same 

Special Design 

Automatic switch from 
'maximum charge rate to 
trickle rate upon reach- 
ing charge voltage limit. 
.Automatic cutoff for 
battery temperature is 
greater- than 308K. 

Command, charger 
"off” when discharge . 
regulator is deliver- 
ing battery power 


There is no battery charger in the catalog that widl provide either 
of the desired control functions. The chargers will require new development. 
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4.6.3 


Battery 

The requirements for the battery and the characteristics of 
the candidate units were determined from the SDCM computer program 
and modified to reflect the reduction in average load power when duty cycle 
and selected components are considered. 



SDCM 

Modified 


Discharge 

Req, 

Series 

Load 

Req. 

Discharge 

Reg. 

Average Load Power, W 

113,2 

69.6 

69.6 

Total Capacity Req'd, A-hr 

8,8 

6.4 

5.4 

Number of Cells 

17 

20 

17' 

Number of Batteries 

2 




The candidate batteries are as follows: 



For the series load regulator configuration, two N5-3-4 batteries 
shoiild provide the best power storage since they meet the cell requirements. 
Although their capacity is marginal, the actual capacity available from NiCd 
batteries is generally 1. 15 times greater than the manufacturers rated 
capacity. 
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For the shtint and discharge voltage regulator configuration, 
two N5-3-4 batteries are also the best candidates. To meet the required 
cells, the battery must be modified by shorting 3 of the 20 cells to provide 
a 17-cell battery. 

4.6.4 Solar Array 

The solar array requirements for the series load regulator, 
and shtmt and discharge voltage regulator configuration are as follows: 



SDCM 

Modified 

Parameters 

Series 

Load 

Discharge 

Voltage 

Series 

Load 

Discharge 

Voltage 

Average Load 
Powe r, W 

113.2 

. 113.2 

69.6 

69. 6 

BOL Power, W 

275.6 

275.6 

201.4 

166.3 

EVL Power, W 

262.0 

262:0 

191.4 

158.0 

Solar Array Area, 
m^ (ft^) 

2.58 (27.7) 

2.58(27.7) 

1.88 (20. 3) 

1.59 (17. 1) 

Number of Array 
segments 
(2. 16 fc^/seg.) 

14 

14 

10 

8 


A siui-oriented solar array based on the SAS-C panel segments 
were selected because the panel segments appear to be additive to provide 
adequate area. With a sun-synchronous orbit, an oriented array would be 
very efficient. Results of a previous study (Ref, 12) showed that when 
both thermal and sun angle effects are accounted for, the average power 
output of a sun-oriented array is 1.43 larger than the average power -output 
of a fixed array on an earth-pointing satellite of the same area. In addition 
to increases in array area for fixed array, the battery charging require- 
ments would also increase causing further increase in array area. The 
larger area will increase the weight and volume. 
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The types of modifications for the SAS-C panels are to add array 
segments to mount cells on only one side and to- provide array drive mecha- 
nism. These modifications would be considered major and are estimated to 
be about 75 percent of a new solar array development. 

4.6,5 Shunt Regulator 

The requirements of the shunt regulator and the characteristics 
of the candidate units are as follows: 


Parameters 

Require- 

Candidates 

,ments 

D2-3-1 

D4-3-1 

IIQggil 

Input "Voltage, V 

20 to 60 
(tmre gulated) 

30 

. (reg. max) 

31^4 

(reg. max) 

33 

(req. max) 

Power Dissipa- 
tion, W 

132 

110 

"100 

66 

Limiting 
Voltage, V 

28.6 

30 

27.2 to 31; 2 

32.8 

"Weight /Unit, 
kg (lb) 

Low 

0.5(1. 2) 

0.6(1. 4) 

0.4(0. 9) 

Design Features 


Self 

Driven 

Self 
Driven 
Adj. volt 
limit 

Self 

Driven 


This unit is used in the shunt and discharge voltage regulator 
configuration. The prime candidate' is the second unit (D4-3-1) since it is 
self-driven and the voltage limit is adjustable in 0.5'V increments, so that 
a limit of Z8. 2 ± 0, 2V can be obtained. The other candidates do not provide 
the desired voltage control. 
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4. 6. 6 


Discharge Regulator 

The requirements of the discharge regulator and the character- 
istics of the candidate unit are as follows: 


Parameters 

Requirements 

Candidate 

D2-3-2 

Type 

Boost pulse width regu- 
lator 

Same 

Input Voltage, V 

22 to 29.5 

19. 1 to 26 

Output Voltage, 
Minimum, V 

27.44 

26.25 ± 1 

Output Power, W 

69. 6 

• 341 

Efficiency 

90% at maximum load 

80 to 90% 

Design Feature 

Current limiting fault 
protection. Signal to 
turn "off" battery 
charger when regulator 
is delivering battery 
power. 

No current limiting. 
Current discharge out- 
put available. 


The unit is used for the shunt and discharge voltage regulator 
configuration. This is the only candidate in the catalog, and the unit does 
not meet the requirement. Since this is the only available candidate,, this 
unit determines the minimum voltage limit of the configuration which is 
25.25V. The unit does not provide current limiting fault protection. This 
feature is desirable but not required. 

4. 7 COMMUNICATION AND DATA HANDLING 


The HCMM communication link is the STDN network, i.e., TDRS 
is not planned to be used for this mission. The description of the STDN has 
been obtained from the 1974 User's Guide (Ref. 7), The basic requirements 
for CDH were obtained from References 10, 11, and 13 and are summarized 
as follows: 
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Commands 


Frequency: 

Modulation: 

Real-time Commands: 

Stored Commands: 
Storage Time: 

EIRP (uplink): 

Tracking 


149 MHz 

PCM/FSK/AM/AM 
112 (56 for instrument plus 
56 for housekeeping) 

256 

2 hours 

-74 dBm (includes space loss) 


Frequency: 136 MHz 

Interferometer system using the VHF telemetry link. 


Telemetry 

• VHF link (instrument and housekeeping data) 

Frequency: 136 MHz 

Modulation; PCM/ PM 

Bit Rate: 1200 laps 

EIRP: +14 dBm 

S-Band link (all mux. and encoding performed in Instrument 
Module) . 


Frequency: 2.2 to 2.3 GHz 

Modulation: PM 

Three Subcarriers: 2 subcarriers for instrument video 

1 subcarrier for 1000 bps hskg data 
EIRP: ■ +29 dBm 


The CDH subsystem functional diagram is shown in Figure 4. 7, 1 
and the list of candidate components that have been selected or that are 
representative candidates from the catalog is shown in Table 4.7. 1. In a 
few instances a selection could not be made because adequate component 
data were not available, and only a representative component was selected 
assuming one of the candidates can meet the requirements. 

The instrument video data for the S-band transmitter are assumed 
to be multiplexed and encoded in the instrument module. The downlink VHF 
link transmits the housekeeping and instrument status data at a data rate of 
1200 bps. The tracking is provided by the VHF interferometer system which 
uses the VHF transmission link. The command messages are in binary form 
which eliminates signal conditioning in the CDH. The CDH total weight is 
12.3 kg (27. 1 lb) and the average power is 19.6 W, 
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Decoder ft*" 
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keeping and 
Instrument 
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Instrument Module 


S-Band ■ 
Trans- 
mitter 


Instrument Module 


Figure 4. 7. 1 Comm\mi cation and Data Handling, Block Diagram 
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Table 4, 7. 1 HCMM Communication and Data Handling Weight and Power 


r POWER 


' COMPONENTS 

No. 

Req. 

INDEX 

No. 

1 WEIGHT 

OPERATE 

STANDBY 

TOT. PWR. 

(kg) 

lb 

W 

Duty 

W 

Duty 

W 

Communication^ 










VHP Antenna 

1 

Nl-4-11 

0.8 

1. 8 

0 


0 


0 

VHF Transmitter 

1 

Nl-4-3 

0. 5 

1.2 

4.4 

100% 

0- 


4.4 

VHP Diplexer 

1 

N5-4-3 

0. 7 

■ 1. 5 

' 0 


0 


0 

VHP Receiver 

.1 

N6-4-7 

0. 6 

1.3 

0.5 

100% 

0 


0.5 

S-Band Antenna 

T 

D4-4-4 

0.4 

0. 8 

0 


0 


0 

S-Band Transmitter 

.1 

Dl-4-3 

2. 1 

4.7 

18.2 

20% 

0 


4.0 

Subtotal 



5. 1 

11.3 





8,9 

Data Handling 










Command Decoder 

•1 

D3-4-5^ 

1.9 

4.2 

6. 0 

20% 

0.8 

80% 

1.8 

Stored Programmer 

1 

D1-4-60 

2.3 

5. 1 

5.7 

50% 

0 


2. 9 

Digital TM Unit 

1 

(nh)'f 

1. 8 

4.0 

6.0 

100% 

0 


■6.0 

Subtotal 



6.0 

13. 3 

• 




10. 7 

Total 



11.1 

24.6 





19.6 

^•See Page 45 in Ref. 11 for du 

y cyc3 

e 








1^ 

Major modification required 










Q 

Estimated values 




























4.7.1 


VHF Antenna 


The desired characteristics o£ the VHF antenna and the charac- 
teristics o£ the candidate components are as follows: • 


Parameters 

Desired 

Candidate 

Char acte ri s ti c s 

(Nl-4-11) 

EIRP 



Transmit 

+14 dBm 


Receive 

-74 .dBm 


Gain 



Transmit 


- 6 dBm 

Receive 


-13 dBm- 

Coverage 

47T ste radian 

97% minimum 
4 tt ste radian 

Frequency 


, < 

Transmit 

136 MHz 

136.92 MHz 

Receive 

149 MHz 

149.52 MHz 

Polarization 

Circular 

Circular 






The candidate meets the required characteristics without modification. There 
are two other candidates but they do not match the requirements as well. 

The selected unit was used .on OSO-I, 
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4.7.2 


VHF Transmitter 


The desired characteristics of the VHF transmitter and the 
characteristics of the candidate units are as follows: 


Parameters 

— 

Desired 

Candidates 

Characteristics 

Nl-4-3 * 

■ 

N2-4-3 

N3-4-2 

Frequency, MHz 

136 

136 

137 

136.68 

Output Power, W 

0. 5 to 1 ■ 

1 

1 to 3 

0.25 to 1.5 

Modulation 

Phase 

Phase 

Phase 

Phase 

Frequency Stab. 

±0.0025% 

±0.0015% 

±0.0037% 

±0.001% 

Frequency Acc. 

±0.001 

ns 

ns 

ns 

Carrier Phase 
Instability 

<0,05 rad rms 

ns 

<0.35 rad 

ns 

Modulation 

Deviation 

1. 1 rad 

0. 8 to 1. 5 
rad 

1. 25 rad 

0. 80 rad 

Deviation 

liinearity 

±10% 

0 to 1 rad 

ns 

ns 

<1% 

Deviation 
Response Amp. 

± 10% 

100 Hz to 10 kHz 

ns 

ns 

ns 

Deviation 

Stability 

±10% over temp 
range 

50. 05 rad 

•ns 

ns 

Noise, Harmonics 
and Spurious 
Emission 

<60 dB 

ns 

<60 dB 

< 60 dB 

Weight, kg 

Low 

1. 68 


0.74 

Power, W 

Low 

4.4 


6.2 


With the available information, the Nl-4-3 appears to best meet the required 
characteristics. The tmit should be applicable with only minor modifications. 
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4.7.3 


VHF Diplexer 

The desired characteristics of the VHF diplexer and the character- 
istics of the candidate units are as follows: 


Parameters 

Desired 

Candidates 

Characteristics 

N5-4-3 

Nl-4-9 

N6-4-4 

Frequency 





Transmit, MHz 

136 

136. 38 

136. 92 

136.67 

Receive 

149 

148. 56 

■ 149.52 

151.20 

Isolation 





Transmit port 
to receive port 

~ 50 dB 

55 dB 

60 dB 

ns 

Insertion Loss 





Transmit chi 

< 2 dB 

0.4 dB 

1.5 dB 

<1.0 dB 

Receive chi 


5.0 dB 

1.0 dB 

<1.0' dB 

Bandwidth 





Transmit chi 

2 MHz 

2 MHz 

ns 

2 MHz 

Receive chi 

1 MHz 

1 MHz 

ns 

6.6 MHz 

Power Rating, W 

2 

10 

2 

10 

Weight, kg 

low 

0.7 

• 0.2 

0.70 


The N5-4-3 unit should be applicable without any modification. 
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4.7.4 


VHF Receiver 


The desired characteristics of the VHF receiver and the character- 
istics of the candidate units are as follows: 


Parameters 

Desired 


Candidates 


Characteristics 

N4-4-7 


N3-4-4 

Frequency, MHz 

148 

154,20 

148.26±2kHz 

148.56 

. 148.96 

Modulation 

PCM/FSK/AM/AM 

PCM/FSK/ 

AM/AM 

■ AM 

PCM/FSK/ 
AM/ AM . 

Command Bit 
Rate 

600-1200 bps 

ns 

ns 

6,4 kbs 

Receiver 

Sensitivity 

- 105 dBm for 
BER 10“ 5 

-110 dBm 

ns 

-95 dBm 

Frequency stab. 
Noise figure 

±0.0025% 
7 db max 

±0.0014% 

•ns 

±0. 005% 
< 10 db 

±0.005% 

ns 

Preselector 

Bandwidth 

< 4 MHz^ 

ns 

20±0.003% 

MHz 

ns 

Intermediate 
Predetection 
Filter, kHz 

50 ± 10 

40 

48 

55±7 

Dynamic Ranges 
• dBm 

-30 to -105 

w27 to -110 

ns 

-95 to -40 

Weight, kg 

Low 

0.6 

1.1 

0.5 

Power, W 

Low 

0.5 

0.4 

0.2 


The candidate receivers are listed in the order of best meeting 
the desired characteristics. The amount of modification appears to be in 
tuning the frequency and electrical connectors. 
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4.7.5 


S**Band Anteiin^ 


The desired characteristics of the S-band antenna cind the char- 
acteristics of the candidate iinits are as follows: 


Parameter 

Desired 

Characteristics 

Candidates 

D4-4-4 

D2-4-10 


Frequency, GHz 

2,Z to 2, 3 

2.2 to 2. 3 

2.2 to 2.3 

2. 2 to 2.3 

Gain, dB 

0 

0 

-0.5 

-3 

Coverage, deg 

150 

180 

±50 

107 

Power Rating, W 


2.6 

2 

4 

Weight, kg 

Low 

0.4 

0.9 

1.2 


The D4-4-4 antenna appears to be the best selection because of its low weight 
and adequate coverage and gain. 
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4,7.6 


S- Band Transmitter 


The desired characteristics of the S-band transmitter and the 
characteristics of the candidate units are as follows: 


Parameters 

Desired 


Candidates 


Sharacte r i stic s 

Dl-4-3 

D6-4-2 

Nl-4-2 

EIRP 

Frequency, GHz 

+29 dBm 
2,2 to 2,3 

2.2 to 2.3 

2.2 to 2. 3 

2.2 to 2.3 

Modulation 

PM 

PM 

PM 

PM 

Output power, W 

1 to 2 

2 to 2.8 

1 

1 to 2 

Frequency Stabi 1. 

±0,.0025% 

±0.003% 

ns 

±0.002% 

Frequency Accur, 

±0.001% 

ns 

ns 

ns 

Carrier .Phase 

•'< 0. 05 rad rms 

ns 

ns 

ns 

instab. 

Modulation devi. 

0.3VRMS=lrad 

1. 8 rad 

1. 5 rad 

ns 

Devi, linearity 

±10% 0 to 1. Brad 

ns . 

±7% @ 1 rad 

ns 

Deviation stab. 

±10% 

<3,5 deg 

ns 

± 3 deg 

Incidental AM 

< 5% @1.5 rad 

ns 

ns 

ns 

Incidental FM 

< 20HZ p to p 

ns 

ns 

ns 

Spurious 

< 60 dB 

60 dB 

40 dB 

60 dB 

Emission 

Efficiency 

High 

11% 

6.1% 

10. 5% 

Weight 

Low 

2. 1 

1.5 

1.5 


The three listed candidates are listed in the order of preference and they ' 
will meet the basic requirements. 
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4.7.7 


Command' Decoder and Stored Programmer 

The desired characteristics of the command decoder and stored 
programmer, and the candidate units are as follows: 



1 

Ceindi dates 

Parameters 

Desired 

Characteristics 

Decoder 

Programmei 



D3-4-5 

D6-4-6 

Nl-4-6 

Real-time 

Commands 

112 

288 

1‘68 


Stored program 
Commands 

256 



1360 

Stored Command 
Storage Time 

2 hr 



2.9 hr 

Command mes- 
sage rate 

10/sec 

~30/sec 

~ 50/sec 


Bit rate, bps 

ns 

1000 

1000 


Word length, bits 

ns 

33 

20 

48 

Number of 
Memory 
Addresses 

ns 



12 

Weight, kg 

Low 

1.9 

2.8 

2.3 


Additional information is required to make a selection. The units will 
probably require major modifications for the components to match and be 
compatible. 
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4.7.8 




Bit rates: 1.25, 2.5, 5 kbps; or 1.6, 3.2, 6.4 kbps 

Bit rate stability: + 0.001% over the qual. temp, range 

Word structure: 8 bits min/word 

Provide synchronous pattern and subcommutator identification 
in every minor frame. ' 

Convert analog inputs to 8-bit resolution with accuracy better 
than one half the least significant bit. 

Dump command nciemory on command within 100 seconds. 

Bit rate selection to be by ground command. 


In addition to the above listed desired characteristics, informa- 
tion to establish the number of channels is required before the unit can be 
adequately parametized. However, with the available data it can be determined 
that the catalog does not contain a DTU that remotely resembles the require- . 
ments. A new special design is required or the requirements must be 
changed to fit existing design, namely the 1.2 kbps transmission bit rate. 

More common bit rates are 16, 32 {and up) kbps. 
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5. STRATOSPHERIC AEROSOL AND GAS EXPERIMENT (SAGE) 

5. 1 MISSION DESCRIPTION 

The mission objective of SAGE is to determine the 
spatial distribution of stratospheric aerosols and ozone on a global scale. 
.The specific objectives are; 

a. Locate stratospheric aerosol and ozone sources and sinks. 

b. Monitor circulation and transfer phenomena to a limited 
extent. 

c. Observe hemispheric differences. 

The satellite orbit is 600 km near circular, 50 deg 
inclination. Stationkeeping or maneuvers will not be required during the' 
one year mission life. The launch vehicle is the four-stage standard Scout 

vehicle. The communication link is the STDN network (Reference 10). 

5. 2 MISSION EQUIPMENT DESCRIPTION 

The SAGE mission equipment characteristics and descrip- 
tion are as follows: 
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Weight 

,26.4 kg (58. 2 lb) 

Size 

40. 6 X 40. 6 X 67. 1 cm 
(16 X 16 X 24. 4 in. ) 

Power 

4 W min. , • 20 W peak 
8 W average 
28 Vdc + 2% 

Pointing Accuracy 

3 -axis stabilized 

+ 0. 017 rad (+ 1 deg) roll and pitch 
± 0. 035 rad (t 2 deg) yaw axis 

Communication 

S-band 

2. 0 to 2, 1 GHz range uplink 
2. 2 to 2, 3 GHz downlink 
PCM/ PM modulation 

Data Storage 

7x10® bits 

2. 56 X 10^ bps playback 


The mounting and sensor pointing direction of the mission 
equipment is shown in Figure 5. 2. i. A sketch of the equipment is shown 
in Figure 5. 2. 2. 

5. 3 SPACECRAFT DESCRIPTION 

The goal in configuring the SAGE spacecraft is to be identi- 
cal to HCMM. Any subsystem deviations from HCMM configurations are thus 
limited to meeting the SAGE mission requirements and to reduce the combined 
HCMM and SAGE program cost. The SAGE mission requirements basically 
determined the SC and CDH configurations. The SC configuration is the two- 
scanwheel arrangement of HCMM. The communication portion of the CDH 
is SAGE unique but the data handling portion uses HCMM components. The 
EP subsystem considered the same alternative power regulation methods that 
were studied for HCMM. The SAGE solar, arrays are, however, larger than 
HCMM due to the orientation and orbit of the spacecraft with respect to the 
svinline during the one year mission lifeline. 
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Figure 5.2.Z SAGE Mission Equipment Instrument 



The AP subsystem considered three alternatives. They 
are (1) the HCMM AP, (2) a low weight hydrazine unit that meets SAGE 
requirements, and (3) a cold gas propellant system. The HCMM unit exceeds 
SAGE needs by an order of magnitude but is attractive since the development 
will have been accomplished in the HCMM program. A cold gas propellant 
system was considered because of its low cost aspects. The various SAGE 
combinations that were considered are tabulated in Table 5. 3, 1. 


Table 5. 3. 1 SAGE Configuration Combinations 


Title 

. 

Subsystem Configuration 
(program developing subsystem 

Total "Weight 

kg 

lb 

1. 

Low Cost - 

SC - 

SAGE (HCMM) 





(Baseline) 

AP - 

Hydrazine (SAGE) 






EP - 

Series Load Reg, 


147. 7 

325. 7 




(HCMM) 






CDH - 

(SAGE) ' 




2. 

Low Cost - 

SC - 

SAGE” (HCMM) 





AP/Cold' Gas 

AP - 

Cold Gas (SAGE) 






EP - 

Series Load Reg. 


,161.0 . 

354. 9 




(HCMM) 






CDH - 

(SAGE) 




3. 

Low Cost - 

SC - 

SAGE (HCMM) 





AP/HCMM-. 

AP - 

Hydrazine (HCMM) 






EP - 

Series Load Reg. 


156.9 

346. 0 




(HCMM) 


‘ ■ 




CDH - 

(SAGE) 

' 



4. 

Low Cost - 

. SC - 

SAGE (HCMM) 





EP 2 

AP - 

Hydrazine (SAGE) 






EP - 

Discharge Volt Reg. 


147. 5 

325. 2 




(HCMM) 






CDH - 

(SAGE) 
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The baseline SAGE consists of the HCMM alternative SC, 
SAGE hydrazine AP, HCMM EPj and SAGE CHD, This configuration provides 
a raargin of 2. 7 kg (6 lb) since the total spacecraft weight is estimated at 
121. 3 kg (see Table 5. 3. 2) and the allowable spacecraft weight is 124 kg 
(Reference 11). 


Table 5. 3. 2 SAGE Weight and Average Load Power 


Subsystems 

Weight 

Average Load 

kg 

lb 

Power, W 

Stabilization and Control 

34. 0 

75. 1 

38. 0 

Communication and 
, Data Handline 

22. 3 

49.4 

27. 3 

A\ixilary Propulsion 




Dry Weight 

5.4 

. 11.9 

0 

Propellant 

1. 1 

2.4 

0 

Electrical Power 

39. 9 

87.7 

0^ 

Structures and Thermal 

18. 6 

41. 0 

0 

Spacecraft Total 

121.3 

267; 5 

65. 3 

IvQssion Equipment 

26.4 

58. 2 

8. 0 

Satellite Total 

147. 7 

325. 7 

73. 3 


Electrical power converter and storage efficiency considered 
but not included as load power. 
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For additional weight margin, there are two potential areas 
that can be changed to reduce the weight. They are the scanwheel assembly 
and the solar arrays. The selected scanwheel which exceeds the capability 
can be replaced with a smaller unit that is available on the market. The 
solar array is another area where weight reduction should be possible if, 
an extensive analysis is conducted to optimize the array arrangement and 
launch time. The use of fixed arrays as specified in Reference 10 was not 
analyzed in this study. Only the four -array configuration was considered 
for the one year mission 

5. 4 STABILIZATION AND CONTROL 

The acquisition mode for HCMM will not work for SAGE 
orbit, but the SAGE acquisition mode will work for the HCMM orbit. The 
SAGE orbit results in large variations in sun to spacecraft to earth radii 
angles. These large angles require a larger FOV earth sensor if the HCMM 
configuration is to be used. To achieve a large enough FOV to- acquire the 
earth from SAGE orbit using the HCMM configuration, an additional scan- 
wheel must be added. By adding this scanwheel for SAGE orbits the FOV 
of the earth sensors is increased and the need for bod-y~mounted sun sensors 
is eliminated. An added benefit with two earth sensors is the independence 
frofn altitude variations, i. e. , first orbit can be circular or elliptical. 

The details of the above discussion are presented in 
Appendix A. The discussion on the candidate components is- presented in 
Section 4.4 except for the sun sensor and devices associated with the control 
of the solar arrays. The selected candidates are listed in Table 5.4. 1 and 
the functional diagram is shown in Figure 4. 4, 3. 

The listed scanwheel is sized for HCMM requirements. 

This unit can be replaced with a smaller unit because of the lower disturbance 
for SAGE. The use of available smaller units which are not included in the 
catalog can reduce the spacecraft weight by approximately 6 kg. This study 
did not incorporate the smaller lonit since the goal is to select cataloged 
components. 
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Table 5.4. 1 SAGE Stabilization and Control Subsystem, Component Listing 


COMPONENTS 


Scanwheel Assembly 
Rate Gyro Assembly 
Sun Sensor 

Wide Angle Sun Sensor 
Solar Array Dr. Mtr. 
Solar Array Dr. Elect. 
Control Elect. Assembly 
Valve Driver 

Total 


D3-1-1 
, (nh)a 
N5-1-1 
Developed®" 
(nh)a 
(nh)^ 

(nh) 

(nh)^ 


Weight 


13. 2 
0.9 
0 . 1 
0. 3 
10.9 
2. 3 
5.4. 
0. 9 


34. 1 


lb 

W 

29'. 2 

8 

2. 0 

8 

0. 3 

0. 03 

0. 6 

0 

24. 0 

0 

5. 0 

20 

12. 0 

10 

2. 0 

0 

75. 1 



POWER 

J 

Operate 

Standby 

Tot; Pwr. 


100 % 

b 

100 % 


Same as HCMM (no development). 
Operates only during acquisition mode. 

























The controls portion of HCMM and SAGE can be identical; 
however, the solar array drive electronic portion of SC will differ if oriented 
arrays are selected. Analysis to determine a satisfactory concept is neces- 
sary, as discussed in the EP section (5.6). A tradeoff analysis of fixed 
versus oriented arrays and optimization of oriented arrays are suggested 
before the solar array electronic drive characteristics are defined. For 
this portion, the study assumed that four solar array drive motors and 
electronics are required. 

5.4.1 Sun Sensor 

The HCMM and SAGE missions have a requirement to 
telemeter the spin rate of the fourth stage. This requirement was met for 
HCMM by the coarse sun sensors which provided information on the sun- 
line angle about the spacecraft axis and the spin rate. Since the need is to 
supply only the spin rate , for SAGE, a single sxin sensor with a wide FOV 
is all that is required. The requirements and the characteristics of the 
candidate xmit are as follows: 


Candidate 

R e qui r e ment 

Candidate 



(N5-1-1) 

Spin rate 

90 ± 0. 5 rpm 

50 to 110 rpm 
0. 03 rad (2 deg) 



accuracy 

FOV 

As wide as 
practical 

3 rad (174 deg) 

Design life 

1 year 

5 years 


The candidate sensor outputs can be used to drive a timing pulse whenever 
the sim crosses a selected spacecraft plane containing the spin axis. The 
sensor should be applicable without any modification. 
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5.5 


AUXILIARY PROPU LSION 


The SAGE auxiliary propulsion subsystem requirements 
differ from HCMM because SAGE has less instrument disturbance -torque 
and does not require AV corrections to maintain sun synchronous orbit which 
results in less total impulse and two less thrusters. With the lower total 
impulse, the inherently more reliable and lower cost cold gas propellant 
systems may be a suitable application. The requirements of the SAGE 
auxiliary propulsion are as follows: 


Parameters 

Requir ement s 

Total impulse 

1855NS (417 Ib-s)* + 10% 

Thrust Levels 

Six 2. 22 N (0. 5 Ibf ) thrusters 


Two 0.44 N (0. 1 Ibf) thrusters 

Life 

One year, 50, 000 pulses 

Reliabilities 

No single point failure mode 


A cold gas propellant and a hydrazine system were con- 
figured to meet the above requirements. 

The cold gas propellant system is shown in Figure 5. 5. 1. 
The tank can be isolated in the event of a plumbing leak. The candidate 
components are listed in Table 5. 5. 1. The selected thrusters have redun- 
dant series and soft-seat valves, and are not isolated. A backup pressure 
regulator is provided in the event the primary regulator fails closed or can 
be detected open Before the downstream thrusters are damaged. 

The selected tank which is the closest to meeting the 

requirements is oversized for the required impxilse. The tanks can be off- 

2 

loaded to 2069 N/cm (3000 psia). The pressure regulators will have to be 
2 

reset to 21 N/cm (30 psig) pressure. All of the candidate components 
were selected from the catalog on the basis of minimum weight except for 


Reference Appendix A. 
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the thrusters and regulators. The selection of the thrusters was based on 
dual seat arrangement and regulators were based on minimum change in set 
point (see Table 5,5.2), 

The hydrazine system components are listed in Table 5, 5. 3. 
These components are described in Section 4. 5, The selected tank is smaller 
than the candidate unit for HCMM but still oversized for SAGE, Larger tanks 
will provide ullage volume which should provide less change in thrust level for 
the blowdown pressurization system. The total wet weight of the hydrazine 
system is substantially lower than the cold gas propellant system. Because of 
the weight reduction, the hydrazine system is selected as the baseline AP. 


5.5,1 Candidate Cornponents for AP 


Components 

Index 

No. 

Remarks 

0. 5 Ibf thrusters 

Nl-2-1 

0. 5 kg 


N7-2-5 

0. 3 kg, dual seat 


N7-2-3 

0. 2 kg 

0, 1 Ibf thrusters 

D3-2-4 

0.4 kg, dual seat 

Isolation Valve ' 

Nl-2-4 

0.7 kg 


D3-2-8 

1. 1 kg 

Filter, (15 

Nl-2-6 

10 fi, 0. 14 kg 

absolute) 

N2-2-7 

15 fi, 0. 13 kg 


N7-2-3 

10/i, 


D8-2-6 

15 0. 16 kg 

Pressure Reg. 

Nl-2-3 

152 N/cm^(220 psig) set point. 

(100 psig) 

N7-2-4 

0. 55 kg - 

10 to 26 N/cm tO to 40 psig) 



set point, 0, 59 kg 


D3-2-5 

138 N/cm^(200 psig) set point, . 

Tank, 8244 cm^ 

Nl-2r2 

1.96 kg 

15, 652 cm^(955 in^) @ 2482 N/cm'^, 

(503 in^) p 


(3600 psia), 5. 22 kg _ 

14, 522 cm^(886 in2) @ 3172 N/cm 

2069 N/cm 

D3-2-1 

(3000 psia) 


(4600 psia), 7. 26 kg 

Fill/Vent Valve 

N7-2-9 

N7-2-2 

2482 N/cm^(3600 psig), 0. 13 kg 
1793 N/cm2(2600 psig), 0, 18 kg 


D3--2-7 

3172 N/cm2(4600 psig), 0. 07 kg 
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Table 5. 5. 2 SAGE A\axiliary Propulsion> 
Cold Gas Propellant 


Component 

No. 

Index 

Weight 

Rq'd. 

No. 

kg 

lb 

0. 5 Ibf thruster 

6 

N7-2-5 

1.9 

4.2 

0. 1 Ibf thruster 

2 

D3-2-4 


1.6 

Isolation Valve 

5 

Nl-2-4 

3.4 

7. 5 

Filter 

1 

N2-2-7 

0. 1 

0.3 

Regulator 

2 

N7-2-4 

1. 2 

2. 6 

Tank 

1 

Nl-2-2 

5. 2 

11. 5 

Fill /Vent Valve 

1 

D3-2-7 

0. 1 

0. 2 

Relief Valve' 

2 


0. 2 

0.4 

Temp. Transducer 

1 


0. 1 

o 

. 

to 

Pres. Transducer 

2 


0. 2 

0.4 

Tubing 

2 m 


0. 6 

1.4 

Dry Weight 



13. 7 

30. 3 

. Nitrogen 



n 

4. 2 

Wet Weight 



15. 6 

34.5 
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Table 5. 5. 3 SAGE Auxiliary Propulsion, Hydrazine 


Component 

No. 

Index 

Weight 

Rq'd. 

No. . 

kg 

lb 

Tank 

1 

D7-2-I 

1. 58 

. 3.5 

Thrusters 

{1 Ibf) 

6 

N7-2-7 

1. 71 

3. 8 

(0. 1 Ibf) 

2 

Dl-2-4 

0. 64 

1.4 

Valve, Latching 

1 

N2-2-3 

o 

o 

00 

0. 2 

Filter 

1 

N2-2-7 

0. 13 

0. 3 

Valve, Fill & Vent 

2 

Dl-2-5 

0. 14 

0. 3 

Transducers 

2 


0. 18 

0.4 

Plumbing 

3 m 


0. 64 

2. 0 

Dry Weight 

- 


5.4' 

m 

Hydrazine & 
Nitrogen 



1. 1 

2.4 

Wet Weight 



6. 5 

14. 3 
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5. 6 ELECTRICAL POWER 

The SAGE power subsystem is basically the same as 
HCMM except for the solar array. The average load powers for HCMM 
and SAGE are 69. 6 and 73. 3W, and the bus voltages are identical. The 
two oriented solar arrays are efficient for the HCMM sun synchronous 
orbit; however, SAGE requires additional arrays to provide adequate power 
during the one year of flight operations. The range of sun angle during the 
four seasons is illustrated in Figure 5. 6. 1. The sunline can range from 
0 to 73 deg from the roll axis. The angle is dependent on the time of launch 
and the time of year. From the range of the sunline, it is apparent that 
three or four arrays will be required for SAGE. To determine the optimum 
arrangements and area, a tradeoff analysis is necessary; however, for 
this study, four arrays will' be used where the area of the second pair is 
75 percent of the area of the HCMM solar arrays. The four arrays are 
assumed to be programmable to provide the required orientation for one 
year. 

The lists of components for the series load regulator 
and discharge voltage regulator configurations are shown in Tables 5. 6. 1 
and 5. 6. 2. The functional diagrams of the two candidates are shown in 
Figures 4. 6. 1 and 4. 6. 2. 
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X (roll axis) 



Figure 5. 6. 1 SAGE Range of Sun Direction Over One Year 
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Table 5. 6. 1 SAGE Electrical Power Component Listing, Series 
Load Regulator Configuration 


COMPONENTS 

No. 

Rq'd. 

. 1 1 

Index 

No 

- , ■ . 
Weight 

kg 

lb 

Power Converters 

la 

Dl-3-4 

2. 2 


Battery Charger 

2 

(nh) 

2.4 


Batteries 

2 

N5-3-4 

6. 8 ■ 

15. 0 

7 ^ 

Solar Array (~36 ft ) 

4 

N3-3-1 

23. 5 

51.6 

Harness 



5. 0 

11. 0 

TOTAL EP WEIGHT 



39.9 

87. 7 







^'Remove two of the three'modules in this unit. 

"K 

^SAS-C array panels modified by adding segments. 


Table 5.6.2 SAGE Electrical Power Component Listing, Shunt 
and Discharge Voltage Regulator. Configuration 


COMPONENTS 

No. 

Rq'd. 

Index 

No. 

W eight 

kg 

15 

Shunt Regulator 

2 

D4-3-1 

1.2 

2.8 

Discharge Regulator 

l' 

D2-3-2 

4. 5 

9.8 

Battery Charger 

2 

(nh) 

2.4 

5.2 

Batteries 

2 

N5-3-4 

6. 8 

15. 0 

Solar Array (~30. 3 ft^) 

4 

N3-3-1 

19. 7 

43.4 

Harness 


N3-3-1 

5. 0 

11.0 

TOTAL EP WEIGHT 



39. 6 

87.2 
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5.7 


C OMMUNICATION AND DATA HANDLING 


Although the SAGE communications and data handling sub- 
system utilizes the STDN network and the spacecraft is the same as HCMM in 
many areas, the transmission links for command, tracking and telemetry are 
not the same as HCMM. The HCMM transmission frequencies are basically 
a combination of VHF and S-band, and SAGE uses only S-band frequencies. 

A comparison of the basic communication links between HCMM and SAGE are 
as follows: 


Items 


SAGE 

• Command 

VHF/ 2 hr 

S-band/24 hr memory 

Tracking 

VHF 

S-band 

Housekeeping 

VHF and 
S-band 

S-band 

Mission Data 

S-band 

real-time 

S-band, playback 


The general requirements of the SAGE CDH which are itemized 
in Table 5.7. 1 were obtained from References 9, 10, and 11. The transmission 
links are all on STDN S-band and not planned to interface with the TDRS. The 
information concerning STDN was obtained from the User's Guide, baseline 
document (Reference 7). The CDH configuration that meets the .general require- 
ments is shown in Figure 5, 7. 1. The candidate components along with the 
quantity, weight, and power are listed in Table 5. 7. 2. 

The communication configuration is a unified link with 
common antenna and a separate downlink. The baseband assembly unit (BAU) 
modulates the housekeeping data from the digital telemetry unit on a subcarrier 
and combines this subcarrier with a PRN ranging code from the S-band receiver. 
The low data rate transmitter modulates the housekeeping data, amplifies the 
power to required levels, and accepts ranging code and driver signals for 
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coherent operations. The hi data rate transmitter dumps the stored mission 
data once per day at a rate of 256 kbps. 

The low data rate is transmitted via omni antenna during as- 
cent and early stabilization period. Once the spacecraft is stabilized, the low 
data rate is switched over to the hemispherical antenna. The high data rate 
uses the hemispherical antenna at all times. 


Table 5. 7. 1 SAGE Communication General Requirements . 


. Parameters 

Requir ement s 

Command 


Real time 

112 

Stored 

256 

Time to execute 

24 hr 

Command bit rate 

10 commands/sec 

EIRP 

-74 dBm 

Frequency (uplink) 

2._09_to 2. 12 GHz 

Tracking 

PRN ranging and range rates coherent 
for 2 -way Doppler and PRN ranging 

Telemetry 


Links 

2 downlinks @ 2. 2 to 2. 3 GHz 

Housekeeping and 
command verification 

1200 bps transponder 

Mission data 

Recorded @ 1200 bps 

Transponder antenna 

Omni during ascent and early orbit 
before stabilization on transponder 
link EIRP = + 14 dBm 

Mission/tape recorder 
antenna 

EIRP = + 30 dBm 
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Table 5. 7. 2 SAGE Communication and Data Handling 
Subsystem Components 



POWER 

COMPONENTS 

No. 

Rq'd. 

Index 

No. 

Weight 

Operate 

Standby 

Tot. Pwr. 


kg 

lb 

■ W 

Duty 

W 

Duty 

W 

Communication 










Baseband Assembly Unit 

1 

D8-4-5 

0:9 

2. 0 

0. 5 

20% 

0 


0. 1 

S-Band Receiver 

1 

' N5-4-5 

1. 8 

4.0 

6.9 

100% 

0 


6.9 

Diplexer 

1 

(nh) 

0.7 

1. 5 

0 


0 


0 

Hemispherical Antenna 

1 

(nh) 

0.6 

1. 3 

0 


0 


0 

Omni Antenna 

1 

N2-4-6 

3. 8 

8.4 

0 


0 


0 

S-Band Xmtr -Mission 

1 

Dl-4-3 

2. 1 

•4. 7 

18. 2 

0. 5%^ 

0 


0. 1 

S-Band Xmtr-Housekpg. 

D 

D6-4-2 

1.9 

4. 2 

16. 3 

20% 

0 


2. 3 

Subtotal 

■ 


11.8 

26. 1 





9.4 

Data Handling 

■ 









Command Decoder 

n 

D3-4-5 

1.9 

4. 2 

6. 0 

27% 

0. 8. 

73% 

2. 2 

Stored Programmer 


Nl-4-6 

. 2. 3 

5. 1 

5.7 

100% 

0 


5.7 

Digital Telemetry Unit 

B 

(nh) 

1.8 ■ 

4. 0 

■ 6. 0 

100% 

0 


6. 0 

Tape Recorder (10^ bit) 

1 

(NASA Std) 

4.5 

10. 0 

4.0 

100% 

0 


4.0 

Subtotal 



10. 5 






17.9 • 


a 


Reference 10 
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Figure 5. 7. 1 SAGE Communication and Data Handling 
Subsystem Configuration 






5, 7. 1 Baseband Assembly Unit 

The requirements of the BAU and the characteristics of the 
candidate unit are as follows: 


Parameter s 

Requir ement s 

Candidate 

(D8-4-5) 

Input bit rate 

1.2 kbps 

1 to 128 kbps 

PRN input 

Yes 

Yes 

Subcarrier 

1.024 MHz 

1. 024 MHz 

Power 

Low 

0-. 52 W 

Weight 

Low 

0. 9 kg (2 lb) 


The selected candidate appears to meet the requirements. Any other device 
in the catalog would require modifications to match the bit rate requirements. 
DDT&E should not be required. 

5. 7. 2 S-Band Receiver 

The requirements of the receiver and the characteristics 
of the candidate unit are as follows: 


Parameters 

Requirements 

Candidate 

(N5-4-5) 

Frequency 

2. 09 to 2. 12 MHz 

2. 09 to 2. 12 MHz 

Frequency 

Stability 

t 30 kHz 

1 part in 10^ 

Dynamic Range 

-50 to -110 dBm 

-70 to -110 dBm 

Ranging 

Provide coherent 
two-way range- 
rate and ranging 

Provide coherent 
.two-way range- 
rate and ranging 

Tracking Range 

>120 kHz 

N/A 

Noise Figure 

^7. 5 dB 

8 dB 

Power 

Low 

6. 9 W 

Weight 

Low 

1. 8 kg (4' lb) 
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The only receiver in the catalog that comes close to the 
requirement is the unit (N6-4-5) from the SMS program. It appears from 
the available specifications that the unit may need some modifications to the 
wideband filters to meet the SAGE requirements. If this modification is found 
necessary, the unit would have to be repackaged and requalified. 

5. 7. 3 Diplexer 

The diplexer requirements are as follows; 


Parameters 

Requirements 

Frequencies 


T ransmit 
Receive 

2. 20 to 2. 30 GHz 
2. 09 to 2. 12 GHz 

Isolation (transmit 
to receive port) 

50 dB 

Insertion Loss 

(transmit channel) 

2 dB 

Bandwidth 


Transmit channel 
Receive channel 

2 MHz 
2 MHz 

Power Rating 

2 W 


The diplexer s listed in the catalog do not meet the require- 
ments because they are not applicable to unified S-band frequencies. A new 
unit will have to be developed. 
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5.7.4 


Hemispherical Antennas 

The 2 it steradian antenna requirements are as follows; 


Parameters 

Requirements 

Coverage 

Horizon to Horizon {<130 deg) 

Gain 


Transmit 

0 to -3 dB for downlink EIRP = 
+ 30 dBm and power limited to 
2 W transmitter 

Receive 

Receive link can operate at lower 
signal level than attained with 
transmitter gain since uplink 
EIRP = -74 dBm 

Frequency 


T ransmit ' 

2. 20 to 2. 30 MHz 

Receive 

2. 09 to 2. 12 MHz 

Polarization 

Right hand circular 

Power Rating 

2 W 


The catalog does not list an antenna that approaches the above requirements. 
The antenna will have to be developed. 
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5.7.5 


Oirmi Antenna 


The onmi antenna is used for transmitting telemetry and 
receiving commands during ascent and on orbit phases', and to receive 
commands during the periods when the spacecraft is not stabilised. The 
requirements of the antenna and the characteristics of the candidate unit are 
as follows: 


Parameter 

Requirement 

Candidate 

(N2-4-6) 

Frequencies 



Transmit 

2.20 to 3. 30 GHz 

2.2895 GHz 

Receive 

2. 09 to 2. 13 GHz 

2. 108 GHz 

Type 

Omnidirectional 

Omnidirectional 

Gain 



Transmit 

(EIRP = +14 dBm) 

-7 dB @ 90 + 50® 

-15 dB @ 130 to 170° 

Receive 

{EIRP = -74 dBm) 

-9 dB @ 90 + 509 
-17 dB @ 130 to 170® 

Polarization 

Circular 

li inear 

Power Rating 

2 W 

10 W 


The AE-C antenna (N2-4-6) comes close to meeting the above requirements. 
Modification for circular polarization may be required. The estimated 
DDT&E is 10 percent. 
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5.7.6 


S-Band Transmitter for High Data Rates (Mission) 


The requirements for the high data rate transmitter and 
the characteristics of the candidate unit are as. follows: 


Parameter 

Requirement 

Candidate 

(Dl-4-3) 

Frequency 

2. 2 to 2. 3 GHz 

2. 2 to 2. 3 GHz 

Modulation 

PCM/PSK/PM 

PCM/PSK/PM 

Frequency 

5 in 10"^ for 

t 0. 003% long term 


an average 
. .time of 5 hr 

7 

1 part in 10 short 



term 

Modulation linearity 

5% max 

N/A 

Efficiency 

High 

13% 

Weight 

Low 

2. 1 kg (4. 7 lb) 

Power 

2 W 

2 W min 
2. 8 W max 


The FLTSATCOM (Dl-4-3) transmitter was selected based primarily on 
efficiency and weight. Other candidates in the catalog including the NASA 
standard transponder will meet the basic requ.irements. Information indicates, 
that there should not be. any DDT&rE effort. 
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5, 7, 7 S-Band Transmitter for Low Data Rates (Housekeeping) 

The requirements of the low data rate S-band transmitter 
and the characteristics of the candidate device are as follows: 


Parameter 

Requirements 

Candidate 

(D6-4-2) 

Frequency 

2. 2 to 2. 3 GHz 

2, 2 to 2. 3 GHz 

Ranging Bandwidth 

50 kHz to 3 MHz 

N/A 

Frequency Accuracy 

1 20 kHz 

N/A 

Frequency Stability 

5 X 10'^ for 5 hr 

N/A 

Modulation Linearity 

5% max 

t 7% 

Ranging Mod Index 

0. 3 radians 

N/A 

Modulation 

PCM/PSk/PM 

PM 

Output Power 

0. 5 W 

1 W 

Efficiency 

High 

6% 

“Weight 

Low 

1. 9 kg (4. 2 lb) 

Coherency 

USB receiver 

SGLS receiver 


The NATO -III (D6-4-2) transmitter will meet the requirements with minor 
modifications. The unit will require modifications for coherency with the 
USB receiver. These modification are in the catagory of frequency adjust- 
ments which can be accomplished without repackaging or requsilification. 

5.7.8 Command Decoder and Stored Programmer 

The requirements of the command decoder and stored 
programmer, and the characteristics of the candidate units are the same as 
described for HCMM (see Section 4. 7, 7) except for the storage time duration. 
HCMM and SAGE desire 2 hr and 24 hr memory duration'. For this study it 
will be assumed that the storage time can be made to accornmodate both 
program needs. The HCMM decoder/programmer should be suitable for SAGE. 
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5. 7. 9 


Digital Telemetry Unit 

The DTU for SAGE is basically identical to HCMM. The 
HCMM-developed DTU should be applicable to SAGE. 

5. 7. 10 Tape Recorder 

The requirements of the tape recorder and the characteris 
tics of the'LCSO magnetic tape recorder are as follows; 


Parameter 

Requir ement s 

Candidate 
(NASA Standard) 

Record Rafe 

1200 bps 

1700 bps min 

Playback Rate 

256 kbps 

272 kbps max 

Total Storage 

■ 7 X 10® bits 

3. 2 X 10® bits 

Playba c k-t o-Re c oi* d 
Ratio 

213. 3:1 

160:1 

Weight 

Low 

4. 5 kg (10 lb) 

Power 

Low 

4 W record 


■ 

8 W playback 


To meet the above requirements, the recorders in the catalog will have to 
be redesigned; however, a new design is probably a better approach. The 
magnetic tape recorder described in the LCSO Standard Equipment Announce 
ment will also not meet the requirements as itemized above. The NASA 
standard recorder has a storage capacity of 1-1/2 days of recording at 
1700 bps which exceeds once per day readout requirements. It is suggested 
that the SAGE requirements be altered to meet the NASA 10® magnetic tape 
recorder capability. The study will assume that the standard recorder will 
meet, the SAGE requirements. 
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6. SOLAR MAXIMUM MISSION (SMM) 


6. 1 SMM MISSION 

The SMM objective is to investigate the cause and nature of 
solar flares. The data gathering is to emphasize both the .thermal and 
non-thermal components of the flare, and check the solar magnetic field 
as a flare-energy source. The secondary objective is to investigate the 
solar flare effects {References 14 and 15). 

« 

The preferred orbital characteristics are a near-circular orbit 
of 574 i 28 km (310 - 15 nmi) with a 33 - 0. 05 deg inclination. Minimum 
mission lifetime is one year but the desired lifetime is three years. The 
spacecraft is to maintain a constant sun orientation and no orbital maneu- 
vering capability is required. 

‘ The two- stage Delta 2910 is planned as the launch vehicle; it 

is a modified Thor booster incorporating nine strap-on Thiokol solid rocket 
motors. To cover the next solar maximum, the launch is scheduled for 
1978. The communication link is planned. to use both TDRS and STDN where 
the STDN will provide the pre-TDRS link. 

6. 2 SMM MISSION EQUIPMENT REQUIREMENTS 

The mission equipments will be dedicated to solar observations 
and consist of many instruments that will be mounted on a plate 1. 83 (72 in. ) 
by 1.52 m (60 in.). The specific instruments, yet to be determined, will be 
limited to seven to nine scientific instruments, mounted on a common plate 
as shown in Figure 6. 2. 1. The instrument assembly will be housed in. a 
thermal enclosure as shown in Figure 6,2. 2. The sj^acecraft requirements 
to satisfy the mission objectives are listed in Table 6.2. 1. 

6. 3 SPACECRAFT DESCRIPTION 

The SMM spacecraft is three-axis stabilized with deployable 
oriented arrays. The estimated gross weight is about 1360 kg (3000 lb) 
including the mission equipment. The spacecraft is a box structure to 
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Figure 6.2,2 SMM Orbit Configuration 





Table 6, 2. 1 SMM Instrument Requirements 


Wejght (instrument structure. 

850.5 kg (1875 lb) 

support electronics and ■ 


scientific instruments) 


Power (peak) 

174; 0 W 

(eclipse) 

35.0 W 

(average) 

118.4 W 

Input Voltage Range 

28V * 25% unregulated 

Pointing Accuracy (pitch and yaw) 

±24. 2 n rad/s (5 s’ec/s) 

- ( roll) 

± 1.75mrad/s (6 mm/s) 

Pointing Stability (pitch and yaw) 

± 5 rad/ 5 - min 

(roll) 

±0.3 mrad/5 min. 

Communication (downlink)’ 

f = 2.283 GHz 


two channels 


PCM (split phase) /PSK/PM 


PCM (split phase) /PM 

(uplink) 

f = 2. 1027 GHz 


PCM/PSK/PM' 

Data Handling (data rate) 

8 kbps 

(record/reproduce) 

1:20 

(playback rate) 

160 kbps 

(telemetry rate) 

16 kbps 


accommodate subsystem modules. The modularized subsystem approach 
is desired for future Shuttle on-orbit maintenance capability; however, this 
analys'is assumed an integrated spacecraft, i.e., current spacecraft design 
approach. The SC concept is reaction wheels with magnetic torquers and 
cold gas to tinload the wheels. The commimication is via STDN and TDRS. 
During periods of solar activity, the scientific and housekeeping data are 
stored on tape recorders. The AP studied only the cold gas propellant 
method because of its inherent simplicity, low cost, and unconstrained 
weight limit. The EP considered two configurations: one is to use a similar 
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configuration to the SMM conceptual study and the second is to configure 
with all components being flight proven. The latter configuration is possible 
because the bus voltage is unregulated 28V ± 25%. The system weight and 
power breakdown by subsystems are shown in Table 6. 3. 1. 


Table 6.3,1 SMM Satellite Weight and Power Summary 


SUBSYSTEM 

WEIGHT 

POWER 

kg 

lb 

W 

Stabilization and Control 

81.2 ■ 

179.0 

181.0 

Auxiliary Propulsion 
Dry Weight 

18. 1 

40.0 

0 

Nitrogen 

4.9 

10.8 


Electrical Power 

160.5 

353. 9 

0^ 

Communication and Data Handling 

78. 3 

172.7 

47.6 

Structure and Thermal^ 

158.8 

350.0 

0 

Mission Equipment 

850.5 

1875.0 

118.4 

Total 

1352; 3 

2981.4 

347.0 


a 

Not considered in the load power deter 3cnination. 
b 

Estimated by SDCM computer assuming integrated structure, i.e-.-, 
not modularized. 


6.4 STABILIZATION AND CONTROL 

The SC requirements to meet the scientific objectives that are 
outlined in Section 6. 1 and specified in Section 6.2 require a three-axis 
stabilized control system. The actuators in the SC are reaction wheels 
with magnetic torquers and thrusters to unload the momentum wheels. 

The rate and position sensors are inertial gyros, sun and stellar sensors, 
and magnetometers. The sequence and operation modes of the spacecraft 
are as follows: (Reference 15). 


6-5 














Initial tumbling sensed by gyros, 
tumbling removed by thrusters and 
magnetic torques 

Orient to sun with analog sun sensor, 
digital sun sensor and magneometer 
data 

Calibrate to determine attitude and 
provide required stability 

Inertially stabilized using gyros and 
pointing data provided by fine point- 
ing .sun sensor and star sensors 

The functional block diagram of the SC subsystem is shown in Figure 6.4. 1 
and the requirements for the components are provided in the SMM conceptual 
study report (Reference .15). In some cases the specified requirements are 
given in terms of characteristics of an existing unit which are' indicated to 
be suitable values. In these instances, it is probable that the candidate 
components are better than required or other candidates could have been 
considered if minimiim requirements were specified. Because the require- 
ments may not be supplied in terms of minimums, the candidate components 
were not eliminated- for marginal performance. The marginal components 
are indicated in the cases where performance is belo\y that specified. Also, 
the power and weight values “indicated in Reference 15 were liqt considered 
a constraint, since it appears that adequate overall weight margin exists. 

The selected components are listed in Table. 6.4. 1 along with 
the weight and power. The total estimated SC subsystem weight is 81. 2 kg 
(179. 0 lb) and the estimated power is 181 W. The requirements, candidates, 
characteristics, and remarks for each component are provided in Tables 
6.4; 2 to 6.4; 7. 


Initial Stabilization 

Sun Acquisition 

Attitude Acquisition 
Normal Operation 
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Figure 6.4. 1 SMM Stabilization and Control 
Subsystem Functional Diagram 
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Table 6.4. 1 SMM Stabilization and Control Subsystem Components 


COMPONENTS 

NO. 

INDEX • 

. WEIGHT 

TOTAL 

POWER 

W 

ROD. 

NO.. 

kg 

lb 

Inertial Reference Assy 

4 

N7- r-3 

22.7 

_ _ * 31 

50.0 

96 

Star Sensor 

Z 

(developed) 

10.0 

22.0 

20 

Fine Pointing Sun Sensor 

1 

Nl-1-2 

1.5. 

3.3 

2 

Digital Sun Sensor 

1 

D7-l-5*^ 

0.9 

1.9 

1 

Analog Sun Sensor 

3 

N6-1-9 

0.3 

0.7 

0 

Magnetomete r 

2 

N3-1-1 

0,7 

1.6 

1 

Magnetic Torque r 

6 

D2-1-4 

5.4 

12.0 

■3 

Reaction Wheel 

4 

Dl-1-3^ 

22. 1 

48.8 

48 

Valve Drive Assembly 

1 

(nh) 

1.5 

3.2 

0 

Control Electric Assembly 

• 1 

(nh) 

4.5 

10. 0 

10 

Solar Array Drive and 
Electronic 

2 

(nh) 

11.6 

25.5 


Total 



81.2 

179.0 

181 


Unit has been developed, but not listed in the catalog. 

C • ' ’ . 

Unit performance is marginal. 

Weight includes mo\inting platform. 




Table 6.4.2 Inertial Reference Assembly 


REQUIREMENTS 

CANDIDATES 

CANDIDATE 

CHARACTERISTICS 

REMARKS 

Configuration: Four SDF 
gas bearing gyros, 
one. redundant, 
integral electronics 

Weight; 13,6-18.1 kg 
(30-40 lb) 

Power: 40-60 W 

Short-term bias stability: 
35 fl rad/hr 
(0.002 deg/hr) 

Torquing rate: 5.2 rad/hr 
■ (300 deg/hr) 

Requirements within 
state of art, but no 
conforming unit known. 
If developed, recom- 
mend using any of 
following gyros: 

Bendix: 64-PM-RIG 

Northrup: GI-K7G 

Honeywell: GG 334 

Configuration: Four SDF 
gas bearing gyros, 
one redundant, 
integral electronics 

Est. Wt: 15. 9 kg (35 lb) 

Est. Power: 50 W 

Short-term bias stability: 
26 fl rad/hr 
(0.0015 deg/hr) 

Torquing rate:^3. 1 rad/hi 
(750 deg /hr) 

t^few development 
to meet require- 
ments 

Nimbus-E/ERTS-A. 

(N7-1-3) rate rtieasuring 
package. Each 
package contains one 
GI-K7G gyro and 
associated electronics 

SDF gas bearing gyro, 
integral electronics 

Weight: 22.6 kb (50 lb) 

Power: 130 W 

Short-term bias stability: 
26 fl rad/hr 
(0. 0015 deg/hr) 

Torquing Rate; 13. 1 rad/h 
(750 deg/hr) 

Exceeds weight 
and power limits 
and needs 
mounting 
structure 

Assume DDT&E = 
50% 




OT- 


Table 6.4.3 Star and Fine Pointing Sun Sensor 


REQUIREMENTS . 

CANDIDATES 

CANDIDATE 
CHAR AC TERISTICS 

REMARKS 

STAR SENSOR , , 

Accuracy; 48 yUrad 

(10 sec) rms 

■ Sensitivity:- 6m^ ^ 

FOV: 0. 14 x,0. 14 rad 
‘ (8 deg X 8 deg) 

Weight; -4. 9 kg (11 lb) 

Power; 10 W 

(Requirement based, 
on suitable unit.)' 

Ball Bros, strapdown 
• star sensor that is 
used in the mission 
equipment portion of 
SAS-C. The (N3-1-3) 
SAS-C unit in the 
catalog is usedj^n the 
SC subsystem and is 
not suita^ble 

Accuracy: 48 //rad 

(10 s^) rms 

Sensitivity 6 m^ 

FOV; 0. 14 X 0. 14 rad 
(8 deg X 8 deg) 

Weight: 4. 9 kg (11 lb) 

Power: 10 W 

The star sensor used 
in the mission 
equipment meets 
the requirements, 
DDT&E should not 
be expected 

FINE POINTING SUN 




SENSOR 




Accuracy; 12-39^ rad 

Exotech PIA Sun Sensor 

Accuracy: 22-39 //rad 

DDT&E is not expected 

(2.-5-8.0 s‘^c)rms 

(Nl-1-2) used on OSO 

(4. 5-8.0 s^c) rms 


Weight: 4.5 kg (10 lb) 


"Weight; 1.5 kg (3.4 lb) 


Power; • 5 W ' 

, 

• 

-■ - ‘ 


Power; 2. 0 W 

• 


f is the magnitude based on visual response- 








Table 6.4.4 Digital Sun and Analog Sun Sensor 


REQUIREMENTS , 

■ ■ Gondidates ' 

! • ■ CANDIDATE 

CHARACTERISTICS 

■ REMARKS 

DIGITAL SUN SENSOR 

Accuracy: O.Smrad 
- (1 min) 

Resolution: 68 //rad 

(14 s"^c) , 

FOV: 1. 1 X 1. 1 rad 

(64 deg x64 deg) 

Weight:' 2’. 3 kg (5 ib) 

Power: 1 W • 

Adcole digital solar ! 

. aspect sensor, used 
. on OAOr Copernicus 

Accuracy: 0.-3 mrad 
(l,mhi) 

Resolution: 68 '//rad 
(14 s'^c) 

FOy; 1. 1 X J'. 1 rad- 

(64 deg X 64 deg) : 

Weight; 2.3 kg (5 lb) 

, 

Power: 1 W 

DDT&E is not 
expected 


Adcole sun sensor unit 
(D7-1-5) used on 
DMSP ' . 

• Accuracy: 1.5mrad(5min 

Resolution: NA ■ 

FOV: 1. 74 X I; 74 rad 

(100 deg X 100 deg) 

Weight: 0-. 9 kg (1.9 lb) 

•Power: ‘ Oi 9 W 

Marginal performance 

ANALOG SUN SENSOR 

■ Accuracy; 0,09 rad 

' .. (5 deg) ! 

■ - Weight: 0. 5 kg (1 lb) • 

Power: 0 

— 

Adcole 3-eye coarse 
analog sun sensor 
(N6-1-9) used, on 
ATS-F 

Accuracy: 0.05 rad(3 deg) 
Weight: 0. 3 kg (0. 7 lb) 
Power: 0 

DiDT&E is not 
expected 

Adcole 2-eye coarse 
analog sun sensor 
(N6-1-10) used on 
ATS-F 

Accuracy: 0.05 rad(3 deg) 
Weight: 0.3 kg (0.7 lb) 
Power: 0 

DDT&E is not 
expected 










ZT- 


Table 6.4.5 Magnetometer 


REQUIREMENTS 

CANDIDATES 

CANDIDATE 

CHARACTERISTICS 



REMARKS 

Accuracy: ±0 . 035 rad 
(Z deg) 

Weight: 9. 1 kg (20 lb) 
Power: 6 W 

(Weight and power 
include magnetometer 
plus 3 axes-magnetic 
torquers) 

Schonstedt unit (N3-1-1) 
used on SAS-C 

Accuracy: *0. 035 rad 
(2 deg) 

Weight: 0.4 kg (0.8 lb) 
Power: 1 W 

EDT&E is not 
expected 

Schonstedt unit (D2-1-3) 
used on P72-1 

Accuracy: 0.022 rad 
f (1.3 deg) 

Weight: 1.5 kg (3. 3 lb) 

Power; 1 W 

DDT&E is not 
expected 

Schonstedt unit (D4-1-3) 

used on S3 

1 

Accuracy; 0.044 rad 

(2, 5 deg) . 

Weight: 0. 5. kg (1.0 lb)‘ 

Power: 1. 1 W 

Marginal performance 

Schonstedt unit (Nl-1-6) 
used on OSO, 

Accuracy: 0.052 rad 
- , (3 deg) 

Weight: 0.5 kg (1.2 lb) 

.Power: 0. 23 W 

Marginal performance 
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Table 6.4.6 Magnetic Torquer 


REQUIREMENTS 

CANDIDATES 

CANDIDATE . 
CHARACTERISTICS 

REMARKS 

Dipole moxn/axis: 

10, 000 pole-cm 

Weight: 9. 1 kg (20 lb) 

Power: 6 W 

(Weight and power 
include magnetometer 
plus 3 axes magnetic 
torque rs) 

TRW unit (D2-1-4) used 
on P72-1 

Dipole mom/axis: 

10, 000 pole-cm 

Weight: 2. 7 kg (6 lb) 

3 axes 

Power: 2.9 W, 3 axes 

DDT&E is not 
expected 

Ithaco unit (D3-1-3) used 
on P72-2 

Dipole mom/ axis: 

10, 000 pole-cm 

Weight: 1kg (2.3 lb) 
3 axes 

Power: na 

DDT&E is not 
expected 

RCA unit (N2-1-6) 
used on AE-C 

Dipole mom/axis: 

13, 000 pole-cm 

Weight: 9. 1 kg (20 lb) 

3 axes 

Power: 12.6 W, 3 axes 

I 

Exceeds power 
requirements 

RCA unit (N4-1-6) 
used on ITOS-D 

Dipole mom /axis: 

9, 500 pole-cm 

Weight; 1.4 kg (3 lb) 

Power: 7 W 

Marginal perform- 
ance 








Table 6.4.7 Reaction Wheel and Valve Drive Assembly 


REQUIREMENTS 

CANDIDATES . 

CANDIDATE 
. CHARACTERISTICS. 

' ' ' ' ' ' ■ 

REMARKS 

REACTION WHEEL 

Torque: 14. Z Ncm 
, (20 oz-in) 

Weight; 9^1 kg (20 lb) 
Power: 5 W 

Bendix unit used on LES 
with Vela motor 

Torque: 21, 3 Ncm 
(30 oz-in) 

Weight: 8. 8 kg ( 19. 5 lb) 

Power; 5 W 

■ 

'No' modification 

TRW unit (Dl-1-3) used 
used on FLTSATCOM 

Torque: 10,^7 Ncm 
(15 oz-in) 

Weight: 5.5 kg (12.2 lb) 

Power; 12 W 

Marginal performance 

VALVE DRIVE ASSEMBLY 


Requirements within 
state of art, but no 
conforming unit known. 
Recommend develop- 
ment of new assembly 
similar to one used on 
HCMM SAGE mission, 
but with a capacity for 
twelve valves instead 
of only two 

•New development 

No, -of valves; 6 pri 
and 6 sec 

Voltage: 32 V 

Power: 40 W 






AUXILIARY PROPULSION 


6. 5 


The AP requirements as determined by the SDCM computer 
program and Reference 15 are as follows: 


Total impulse 
Thrust levels 
Life 

Reliability 


3114 Ns {700 lb sec) 
0.44N (0.1 Ibf) 

One year, 50, 000 pulses 
No single mode of failure 


Cold gas was chosen due to the low total impulse and no weight 
constraint, and its inherent simplicity and low cost. An average specific 
impulse of 637 Ns /kg (65 sec) was used for determining the amount of 
cold gas propellant. The functional diagram of the AP is shown in Figure 
6.5.1. Thrusters, pressure regulators, and relief valves are redundant. 

In the event of any one component failure as detected by telemetry, the 
entire primary system can be isolated and the backup leg is activated. A 
single nitrogen tank is used; however, the failure rate for this nonfunction- 
ing component is extremely low. 

In Table 6.5. 1, the candidate components that were considered 
are listed along with the key characteristics. The selected components 
are listed in Table 6.5.2. The isolation valve, fill and vent valve, and 
filter were selected on minimum weight. The P72-2 (D3-2-4) thruster 
was selected because of its low weight and redundant valve seat and nozzle. 

The Nimbus (N7-2-4) pressure regulator was selected on the basis of 

2 

redundant regulator seats and regulation of 31 N/cm (45 psia) 
pressure. The selected tank came closest to the required volume and 
also provided some growth capability. The tank pressure for the design 
total impulse is 1669 N/cm (2420 psia). 

6.6 ELECTRICAL POWER 


The requirements of the EP are to provide a primary bus voltage 
7 

of 28 _ 5 V and an average load power of 450 W. This power level includes 
347 W of identified power load (see Table 6.3, 1) and a contingency of 103 W. 
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Figure 6.5.1 SMM Auxiliary Propulsion 

Subsystem, Functional Diagram 
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Table 6.5.1 Attxiliary Propulsion Component Candidates 


COMPONENT 

INDEX 

NO.- 

REMARKS 

0.1 Ibf Thruster 

Nl-2-1 

0.5 kg (1.1 lb), 55N/cm^ (80 psia) 


N7-2-5 

0,3 kg (0.7 lb), 41.4 N/cm^ 

(60 psia) dual seat, nozzle not 
include d 


D3-2-4 

0.4 kg (0.8 lb), 31,0 N/cm^ 
(45 psia) dual seat 

Tank _ x 

17, 701 cm (1080 in. ) ( 

2, 482 N/cm^(3600 psia)) 

Nl-2-2 

D3~2-l 

15, 652 cm^ (955 in. ^), 2482 N/cm^ 
(3600 psia), 5.2 kg (11.5 lb) 

14, 510 cm^ (886 in. ^), 3172 N/cm^ 
(4600 psia), 7. 3 kg (16 lb) 


D9-2-3 

26, 420 cm^ (1612 in. ^), 2482 N/cm^ 
(3600 psia), 7.3 kg (16.2 lb) 

Pressure Regulator 

N7-2-4 

0. 6 kg (1. 3 lb), 10-14 N/cm^ 
(15-60 psia) dual seat plus 
integral relief valve 


D3-2-6 

0.5 kg (1.15 lb), 23 N/cm^ 

(33 psia), integral relief valve . 

Isolation Valve 

Nl-2-4 

0.7 kg (1.5 lb) 


D3-2-8 

1.1 kg (2. 5 lb) 

Fill and Vent Valve 

N7-2-9 

0.1 kg (0.3 .1b) 


N7-2-2 

0.2 kg (0.4 lb) 


D3-2-7 

0. 1 kg (0.2 lb) 

Filter 

N2-2-7 

" 15 0, 14 kg (0.3 lb) 


D8-2-6 

15// , 0. 16 kg (0.35 lb) 
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Table 6.5.2 SMM AP Subsystem 


COMPONENTS 

NO.' 

INDEX' 

WEIGHT 

REQ, 

NO. 

kg 

lb 

0,1 Ibf Thruster 

12 

D3-2-4. 

4.4 

9.6 

Tank 

1 

D9-2-3 

7.3 

16.2. 

Pressure Regulator 

2 

D3-2-6 

1.0 . 

2.2 . 

Isolation Valve 

3 

Nl-2-4 

2.0 

4.5 

Fill and Vent Valve 

1 

D3-2-7 

0. 1 

0.2 

Filter 

1 

N2-2-7 

0. 1 

0.3^ 

Transducers 

4- 


0.4 

0.8 

Tubing 

lOJn 


2.8 

6.2 

DRY WEIGHT 



18. 1 

40.0 

PROPELLANT 



4.9 

s 

00 

WET WEIGHT 



23-. 0 

50.8 
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Using these requirements, the SDCM computed the following required 
characteristics for the' shunt discharge voltage regulator configuration: 


Array BOL power 

Array EOL power 

Total Solar Array Area (Oriented) 

Battery Capacity/Battery 

Number of Batteries 

Number of Cells 


1084 W 
1030 W 

10. Im^ (109 ft^) 
17.5 A-hr 
2 

17 


The functional diagram of the discharge voltage regulator configuration 
is shown in Figure 6.6. 1, and the summary of components is listed in 
Table 6.6. 1. 

An alternate configuration is the shunt voltage regulation concept 
that is shown in Figure 6.6.2. The required characteristics of the shunt 
voltage are: 


Array BOL power 
Array EOL power 
Battery Capacity/ Battery 
Number of Batteries 
Number of cells 


991 W 
941 W 
11.6 A-hr 
2 

22 


The electrical control unit used on the DSP can be used for the SMM with modi- 
fications made to: 

a. Power Control Unit (D8-3-1) 

1) Increase shunt regulator drive amplifier to handle eight 
regulators, 

2') Battery charge controller would have to be adapted to 
handle the batteries selected for SMM. The DDT&E is 
estimated at 50 percent. 

b. The Solar Array; it would have to be tapped to accept the shunt 
regulators. 


The list of components is shown in Table 6,6. 1. 
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+7V 

-5V 


Figure 6.6. 1 Shunt Discharge Voltage Regulation 



Figure 6.6.2 Shunt Voltage Regulation 


ORIGINAL 
OE ?00B gUALTEYl 
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Table 6.6. 1 SMM Electrical Power Component Summary 


COMPONENTS 

NO. 

INDEX 

WEIGHT 

REQ. 

NO. 


lb 

DISCHARGE VOLTAGE 
REGULATOR 





Shunt Regulator 


D2-3-1 

3. 1 

6.9 

Battery Charger 


(nh) 

9.1 

20.0 

Power Control Unit 


(nh) 

4.5 

10.0 

Battery 


,D4-3-3 

40. 8 

90.0 

Solar Array 


Dl-3-8 

44.9 

99.0 

Harness Weight 



58. 1 

128.0 

Total 



160. 5 

353. 9 

SHUNT VOLTAGE 
REGULATOR 





Shunt Regulator 

9 

D8-3-2 

17.2 

37.8 

Power Control Unit 

1 

D8-3-1 

5.5 

12.0 

Battery 

3 

D4-3-3 

30.6. 

67.5 

Solar Array 

1 

Dl-3-8 

44. 9 

99.0 

Harness Weight 



58. 1 

128.0 

Total 



156.3 

344. 3 
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6 . 6.1 


Shunt Regulator 

The requirements of the shunt regulator to meet the system 

needs are; 


Type 

Maximum Power Dissipation 
Limiting Voltage When ON 
Special Design Feature 


Series dissipative across the 
full bus so that it does not 
modify the array design 

634 W 

35 V 

Commandable enable /disable 
control 


The candidates from the catalog are as follows: 


Index 

No. 

Input 

Voltage, V 

Voltage 
Limit, V 

Po we r 
Diss., .W 

Number 

Required 

D2-3-1 

30.0 

30.0 

110 

6 

D4-3-1 

31.4 

27.7 - 31.2 

100 

. 7 

Nl-3-1 

33.0 

32.8 

66 

10 

N5-3-2 

15.0 

29.4 

10 

64 


All of these units are self driven. The prime candidates are D2-3-1 or 
D4-3-1. The unit will require modifications to limit at the 35V level and 
incorporate an enable- disable command capability. The DDT&E is estimated 
at 75 percent. 

6.6.2 Battery Charger 

There is no battery charger in the catalog that will provide the 
desired characteristics. These characteristics are: 

Type Current and voltage limited 

, . with trickle standby 

liiput Voltage'. 20 to 35 V 

Maximum Charge Current 5 A 
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Charge Voltage Limit 


Temperature dependent, linearly- 
decreasing from 30V at 273K 
(30° II to 28V at 305K (90 F) 

' Trickle Current ■ 0, 15A 

Special Design Features Automatic s-witch from maximum 

charge rate to trickle rate upon 
reaching charge voltage limit. 
Automatic cutoff of all charge 
current for batter-y temperature 
greater than 308K (95°F). 
Commandable enable -disable 
control 

The unit must be developed. 

6.6.3 Power Control 


The power control unit is a centralized controller for optimizing 
the use of array energy. It senses the status of the main bus, ^ the charger, 
and the shunt regulator. The charger is commanded ON immediately after 
eclipse. If the bus voltage attempts to exceed the 35V limit, the shunt 
regulator is commanded ON. Under low bus voltage conditions, the power 
control unit commands non-essential loads OFF in order to protect the 
battery from overdischarge. The catalog does not contain a candidate, 

6.6.4 Solar Array 

The requirements of the solar array and the candidate arrays 
are as follows: 


PARAMETERS 

Requirements ■ 

Candidates 

Discharge 


D9-3-8 

Dl-3-8 

BOL, W 

2 2 

Array Area, m (ft ) 
Weight, kg (lb) 

1084 

10. 1 (109) 

991 

8.5 (91.8) 

' 435 
4.2 (45) 
36. 7 (81) 

863 

10. 9 (117) 
44. 9 (99) 


6-23 












The array from STP71-2 (D9-3-8) is an assembly of nine flat panels which 
are deployed by a scissors-type mechanism. Use of this arrangement will 
require one additional panel per wing. The FL.TSATCOM array (Di-3-8) 
is listed for one wing and is lighter than the STP7i-2 array. For this 
study it will be assumed that one (Dl-3-8) array is adequate to handle the 
identified load power. The DDT&E is expected to be about 10 percent. 

6.6,5 Battery 

The battery design parameters are provided in Section 6.6. The 
candidate battery is the unit from STP S3 (D4-3~3). The quantity of batteries 
should exceed the required capacity. This will result in a higher average 
state of charge and battery voltage so that the number of cells used (21) 
will provide adequate voltage despite the calculated requirement of 22 cells 
for the shunt voltage regulator concept. The UDT&E is expected to be 
about 10 percent. 

6.7 C OMMUNIC ATION AND DATA HANDLING 


The SMM will utilize the STDN network and the TDRS for com- 
munication. For the TDRS, prime support will be obtained from the single 
access S-band link. The general CDH requirements are: 

a. Commands. 64 power switching commands, 63 magnitude 
commands. All of these are real-time commands and all are 
stored in the computer for later execution. Since command 

rates were not specified in References 14 or 15, a rate of 1000 bps, 
was assumed. Commands will be received on the omni- 
directional antennas from STDN and on the hi- gain antennas via 
TDRS. 

b. Tracking . The tinified S-band PRN ranging and range -rate ' 
system will be used for tracking and ephemeris determination. 
Tracking will be from the STDN stations and the TDRS. 

c. Communication. Only one telemetry link is required. The signals 
will radiate from the omnidirectional antenna to STDN and from 
the hi- gain antenna to TDRS. Data will normally be read out 

in real-time and recorded at 8 kbps; the record/reproduce 
ratio will be 1:20 to produce a 160 kbps playback rate. Upon 
recognition of a flare event by the mission equipment, the 
telemetry rate will automatically increase to 16 kbps and the 
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record speed will change to maintain the same l60 kbps playback 
rate. In the read-out mode to STDN, the 8 or 16 kbps real-time 
data are put on a 768 kHz subcarrier and the 160 kbps playback 
data are put on a 1.024 MHz subcarrier. Both subcarriers, in 
turn, phase modulate the carrier. In the TDRS read-out mode the 
8 or 16 kbps is modulo- 2 added to the PRN and put on the I channel 
and the 160 kbps is modulo- 2 added to the PRN and put on the Q 
channel. The modulation scheme for the STDN downlink is 
PCM/PSK/PM and that for -the TDRS return link is Staggered 
Quadriphase Pseudorandom Noise (SQPN). 

The CDH ftinctional diagram is shown in Figure 6. 7. 1 and the 
candidate components are listed in Table 6.7. 1. The link calculation for the 
downlink portion of STDN is shown in Table 6.7.2. The required STDN 
transmitter power is IW to provide a 6 dB margin. 

6.7.1 Receiver 

Two receivers meet the requirements as shown in Table 6.7. 3, 

The AEG (N2-4-2) receiver appears a better choice than, the SMS (N5-4-5) 
receiver because (1) it is nearer to the assigned frequency and hence should 
be easier to tune, (2) the. SMS unit will need filter modifications, and (3) 
the AE-C unit has a better dynamic range. The SMS' unit has, however, a 
lower time delay variation, and although its noise figure is not available, 
it is probably better than the 13 dB noise figure of the AE-C unit. The 
DDT&E is estimated at 10 percent. 

6.7.2 Transmitter 

The two candidate transmitters are compared with the transmitter 
requirement in Table 6.7.4. Both units wdll require modifications for 
coherent operation with the USB receiver. The NATO- III (D6-4-2) unit 
is recommended over the FLTSATCOM (Dl-4-3) unit on the basis that 
the output better matches the required power. The DDT&E is estimated 
at 25 percent. 

6.7.3 Spread Spectrum Transponder and Electronics 

According to the TDRS User's Guide, the forward and .return links 
must be spread spectrum with the modulation being staggered quadriphase PRN. 
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Hi-gain Antenna 



Note; All units redundant except for antennas, gimbal, and diplexers. 


Figure 6. 7, 1 SMM Communication and Data Handling 
Subsystem Functional Diagram 












Table 6. 7. 1 SMM Communication and Data Handling Subsystem Components 



f 


POWER 


COMPONENTS 

No. 

INDEX" 

WEIGHT 

OPERATE 

STANDBY 

TOT. PWR, 

Req. 

No. 

(kg) 

lb 

W 

Duty 

W 

Duty 

W 

COMMUNICATION 






• 




Receiver 

2 

N2-4-2 

5.4 

12.0 . 

6. 3 

100% 



6.3 

Transmitter ^ 

2 

D6-4-2 

3.8 

8.4 

10.0 

20% 

0 


2.0 

Spread Spectrym Xponder 

2 

(nb) 

T. 3 

16.0 

10.0 

85% 

4.0 

15% 

2. 1 

Diplexer 

1 

• (nh) 

0.7 

■ 1. 5 

' 0 




0 

S-Band Antenna 

1 

(nb) 

3, 8- 

8,4 

0 




0 

Hi- gain Gimbal Antenna 

1 

D8-4-9 

1.0 

2. 1 

' 0 




0 

Antenna Gimbal & Elect®' 

1 


5.4 

. 12.0 

5.0 , 

85% 

0 


4..3 

Tracking- R e cei ve r 

1 

(nh) 

L. 8 

4-..0. 

; 31 0‘ 

85% 

O' 


2.6 

Hybrid Diplexer 

1 

(nh) 

0. 7 

1.5' 

0 




0 

Sub' Total ' 



29.9 

65.9 





17. 3 

■ DATA HANDLING 


* 








Premodulation Processor 

1 

b 

5.0 

ii’o 

5.5- 

20% 

1.0 

80% 

1. 1 

DTU 

2 

(nb) 

4.5 

. 10. 0 

5.0 

100% 



5.0 

On-board Computer 

2 

(nh) 

22. 7 

50.0 

14. 2 

100% 



14.2 

Command Decoder 

2 

Nl-4-4 

4.9 

10.8 

5.8 

20% 

i.O 

80% 

2.0 

Command Relay Unit 

2 , 

(nh) 

2.3 

5.0 ■ 

5.0 

20% 

1.0 

80% 

2.0 

Tape Recorder 

2 

(NASA 

9.1 

20.0 

6.0 

100% 



6.0 



STD) 








Sub Total 



48.4 

Bai 





30. 3 

Total 



78. 3. 

B 





47.6 

^ TDRS Multiple Access Lin 

c 



B 






^ ERTS hard'ware, internall 

• redu 

idant 


iH 


* 






Table 6.7.2 Link Calculations - Downlink to STDN 

The STDN antenna that will be used is the USB 9. 1 m (30 ft) 
antenna. The modulation index of the PRN ranging on the baseband is 
assumed to be the standard 0. 3 radian. . It is assumed that, as in SGLS,-- 
the sum of the modulation indices on a link is a maximum of 3 radians. 

This leaves 2.7 radians for both the 768 kHz and 1.024 MHz subcarriers. 

The indices are set on the subcarriers such that the difference in modula- 
tion loss roughly equals the difference in noise bandwidth between the two 
subcarriers. This difference in noise bandwidth is 10 dB since the maximum 
bit rate on the 768 kHz subcarrier is 16 kbps and the bit rate on the 1.024 
MHz subcarrier is 160 kbps. The modulation index on the 768 kHz sub- 
carrier is 0, 9 radian and bn the 1. 0Z4 HMz- subcarrier it is 1.8 radians. . 

The following are link calculations for the 160 kbps to determine the required 

transmitter power: 


Vehicle Transmitter Power (dBm) 

Ft 


Vehicle Line Loss (dB,) 

-2 


Vehicle Antenna Gain (dB) 

-5 


EIRP(dBm) 

Pt - 7 dB 

Space Loss (dB) 

-168 


Ground Antenna Gain (dB) 

44 


Total Received Power (dBm) 

-131 + 

Pt 

Ground Station Spectral Noise Density (dBm'/H?) 

-176. 3 


Received Power at Spectral Noise Density (dBm/Hz) 

45, 3 + 

Pt 

Noise Bandwidth (dB) 

52.0 


Received Power to Noise Spectral Density (dBm) 

-7.3 + 

Pt 

Required Signal to Noise Ratio (dB) 

9.6 


Modulation Loss (dB) 

3.6 


Ground Station Degradation (dB) 

4 


Link Margin (dB) 

6 



-7.3 + Pt = 23.2 

= 30.5 dBm 

Pt = 1 W 
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Table 6,7.3 Receiver 


Parameter 

Requirement 

Candidates 



N2-4-2 

N5-4-5 

Frequency, MHz 

2102.722843 

2108.247917 

2030 

Tracking Threshold 

Liow 

-122 dBm 

na 

Dynamic Range 

Good 

-122 to -29 dBm 

Noise Level 
to' -70 dBm 

De mo dulati on 

Phase 

Phase 


Noise Figure 

Low 

<13 dB 

na 

Time Delay Vari. 

Low 

^40 ns 

10 ns 

Wei ght 

/ 

2.7 kg (6,0 lb) 

1.8 kg (4.0 lb) 

Power 


12.8 W 

6 W 


Table 6 , 7 

.4 Transmitter 


Parameter 

Requirement 

Candidates 


D6-4-2 

Di-4-3 : 

Frequency, MHz 

2283. 5 

2200-2300 

2252.5 and 
2262.5 

Output Power 

1 W 

1 W 

2 W min. 
2, 8 W max. • 

Coherency 

With uplink 

No 

No 

Stability 


±0.003% 

±0.003% 

Bandwidth 


Flat 1 dB between 
±2 MHz 

na (1.024 MHz 
subcarrier) 

Spurious Output 


40 dB dwn with 
respect to'carrier 

60 dB dwn from 
unmod. carrier) 

Weight 

Low 

1.9 kg (4.22 lb) 

2. 1 kg (4.7 lb) 

Power 

Low 

10 W ' 

18 W 

Efficiency 

High 

10% 

11% 
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The command data is modulo- 2 added to the PRN on both the I and Q channels 

on the forward link. On the return link the 8 kbps real-time data are modulo-2 

added to the PRN and put on the I channel, and the 160 kbps recorded data are 

modulo-2 added to the PRN and put on the Q channel. Also, according to 

the TDRS User’s Guide, the return link must be single access since the 

maximum data rate that can be sent on the multiple access links is 50 kbps. 

The equipment that will be needed to do this job includes a 

spread spectrum transponder, a correlator for extracting the command 

data, a modulo-2 adder, and an error correction encoder. None of these 

equipments are in existence as flight qualified units at present. There are 

\ 

indications that NASA is planning to develop a standard TDRS compatible 
transponder. The delivery date for the first unit is planned for May 1978. 

6.7.4 Diplexer 

A diplexer as characterized in Table 6. 7. 5 is not available in the 
catalog because the frequency required is USB. The units in the catalog 
operate in the 1.75 to 1.85 GHz frequency range. This unit will require 
development. ' 

6.7.5 S-Band Antenna 

There are no antennas in the catalog that will meet the USB 
transmit- receive requirements that are indicated in Table 6.7.5. The 
antenna that meets the transmit requirement could possibly be modified to 
meet the receive requirements. The unit is a boom- mounted conical log 
spiral on STP 72-1 (D2-4-1). Two of these antennas would be needed to 

obtain the required coverage. The DDT&E sho\ild be based on a new 

development effort, 

6.7.6 Hi- gain Anteima System 

The hi- gain antenna system consists of the gain antenna, gimbal 
and electronics, and tracking receiver. In Reference 14 an 0. 9 m (3 ft) 
parabolic dish is indicated; however, link calculations show that an 0. 6 m (2 ft) 
dish will close the return link with about 1.2 W of transponder output power. 
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Table 6.7.5 Diplexer, S- Band Antenna, Command Decoder 
and DTXJ Requirements 


Parameters 

Requirements 

DIPLEXER 


Frequencies 

Transmit: 2200 to 2300 MHz 
Receive: 2025 to 2130 MHz 

Isolation 

50 dB (transmit to receive port) 

Insulation Loss 

52 dB (transmit channel)' 

Bandwidth 

2 MHz (transmit and receive chi) 

Power Rating 

2 W . 

S-BAND ANTENNA 


Frequencies 

Transmit: 2200 to 2300 MHz 
Receive: 2025 to 2120 MHz 

Gain 

>15 dB over 85% of sphere - 

Polarization 

Right hand circular 

Power Rating 

2 W 

COA^MAND DECODER 


Number of Commands 

64 power switching 
63 magnitude, 37 bits each 
128 bi-level 

Command Execute Rate 

i 

20 per sec from ground 
20 per sec from computer 

DTU 


Bit Rate 

8 kbps switchable to 16 kbps 

Number of Input Channels 
Bit/words 

32 analog and 32 digital directly 
128 analog and digital from each four 
s ubmulitplexe r s 

8 

Words /Minor Frame 

128 

Minor Frames /Major Frame 

256 

Outputs 

2 bit stream, one to the transmitter 
or recorder and one to the computer 
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With the srna^ller dish, the candidate antenna can be the unit' on the DSP 
program (D8-4-9). The antenna characteristics are: 


Gain on Axis 
Frequency Band 
Polarization 
Coverage Angle Gain 


20 dB 

2200 - 2300 MHz 

Right-hand circular 

15. 5 dB gain at a subtended 
angle of ±0. 15 rad (8,5 deg) 
and 10 dB gain at a subtended 
angle of ±0.21 rad (12 deg). 


The antenna feed portion will have to be modified to receive in the 2025 to 
2120 MHz band. The DDT&E is estimated at 25 percent. 

An antenna gimbal and electronic assembly does not exist in the 
catalog; however, a special unit has been designed and built’ at The, Aerospace 
Corporation and successfully operated on an Air Force satellite progreim. 
This unit appears suitable for this application. The drawings are not 
currently in a form for manufacturing an additional unit, but they can be 
made available within a reasonable time. The unit characteristics are: 


Pointing Accuracy 0.02 rad.(l min) 

Power • 5 W 

Weight ' ■ 5.4 kg (12 1b)- 

The DDT&E is estimated at 50 percent. 

Tracking receivers are also not contained in the catalog. The 
■unit will require development. The pointing accuracy requirement is about 
±0.02 rad (1 deg). 

6.7.7 Premodulation Processor 


The premodulation processor demodulates the command data 
and provides suitable subcarriers for phase modulating the transponder 
transmitter in the STDN link. The only processor is the ERTS unit (Ref. 15) 
which is not contained in the catalog. The requirements and characteristics 
of the candidate are compared in Table 6. 7.6. This unit will require 
modification to change the existing 597 kHz oscillator to 1.024 MHz. The 
DDT&E is estimated at 50 percent. 
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Table 6.7.6 Premodulation Proce ssor 


Parameters 

Requirements 

Candidate (ERTS) 

Disc r iminato r 

70 kHz 

70 kHz 

Subcarrier 

768 kHz, PCM/PSK 

768 kHz, PCM/PSK 


1.024 MHz, PCM/PSK 

597 kHz, PCM/PSK 

Receive 

PSK modulate 8-16 kbps 
on 768 kHz Subcarrier 

PSK modulates signals 
on both Subcarrier 


PSK modulate 160 kbps 
on 1,024 MHz Subcarrier 



Linearly sum two sub- 
carrier and PRN ranging 

Linearly sums both sub- 
carrier and IF output 
of data collection 
receiver 


6.7.8 Digital Telemetry Unit (DTU) 

None of the DTUs in the catalog will meet the bit rates, number 
and types of channels, and format requirements. For this study, it will be 
assTimed that this xinit must be developed. 

6.7.9 On-Board Computer 

The computer requirements are summarized in Table 6.7. 7 which 
is based on a GSFC computer design. No such computer is known to exist 
in industry. Apparently GSFC will provide the drawings and specifications 
to the prime spacecraft contractor. The DDT&E will be assumed to be 
equivalent to a new development. 

6.7.10 Command Decoder 

Frorn the information supplied in the catalog, none of the listed 
decoders will rneet the requirements showp in Table 6.7.5, The.SMM 
conceptual study {Ref. 15) states that the OSO-I or the lUE decoders could 
satisfy the requirements. The OSO-I unit is in the catalog (Nl-4-4), but 
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the data sheet information does not provide enough to select the unit as a 
candidate. The study will assume the unit is satisfactory and estimate a 
DDT&E of 50 percent. 


Table 6.7.7 Qn-Board Computer and 

Hi- gain Antenna Requirements 


Parameters 

Requirements 

Modules 

Processor and Memory 

Number of Instructions 

55 

Number of Words in Memory 

8192 

Bits per word 

18 

Number of Input Channels 

8 

Number of Output Channels 

8 

Weight 

11.4 kg (25 lb) 

Power 

14.2 W 


6.7.11 Command Relay Unit 

The catalog does not contain a unit of this type which is used for 
switching power to various spacecraft components. The unit is to provide 
64 relay switches and will require development. 

6.7.12 Tape Recorder 

There is no tape recorder in the catalog that is capable of 
recording at the low rates. The required rates are not common with current 
recorders. The unit that comes closest to meeting the requirements listed 
in- Table 6. 7, 8 is the recorder that is being used in STP-S3 (D4-4-6). To 
make this unit meet the requirements, it would have to imdergo a major 
modification. The NASA magnetic tape recorder in the LiSC's Standard 

Equipment Announcements will meet the requirements. 
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Table 6.7.8 Tape Recorder 


Parameter 

Requirements 

Candidate 

NASA Std 

D4-4-6' 

Record Rate 

8 and 16 kbps 

1.7 kbps to 1.088 
Mbps 

16. 384 kbps 

Total Storage 

10^ bits 

3. 2 X 10^ bits 

2 X 10^ bits 

Reproduce/ 

Record 

20:1 

J60:1 to 1:160 

8:1 

Record Time 

210 min 

2. 2 min to 53 hr 

210 min 

Weight 


4.5 kg (10 lb) 

6. 6 kg (14. 6 lb) 

Power 


6W 

7 W Record 
14 W Playback 
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7. TIROS-N 


7. 1 TIROS-N MISSION 

- The spacecraft mission is to (1) provide an economical and stable 
platform for the advanced instruments to be used in making measurements 
of the earth's atmosphere, its surface, its cloud and the proton and electron 
flux near the earth; and (2) receive, process, and retransmit data from free- 
floating balloons, buoys, and remote automatic observation stations distrib- 
uted around the globe. 

The nominal orbit will be at circular 833 km (450 nmi) altitude and 
sun synchronous inclination of 98.74 deg. The launch will be from WTR 
using the Atlas F/TE-M-364- 15 booster. The final orbit descending node 
is to be 0600-1000 or. 1400-1800 (Ref. 16). 

7.2 MISSION EQUIPMENT 

The instrument complement is: 

1. Advanced very high resolution radiometer (a five channel 
imaging line scan sensor) - AVHRR 

2. TIROS operational vertical sounder (a 22 channel step 
scanned spectrometer consisting of three separate units - 
a basic sounding unit, a stratospheric sounding unit, and 
a microwave' sounding unit). - TOVS 

3. Space environment monitor (five units) - ,SEM 

4. Data Collection System - DCS 

5. Complement of growth sensors devised in anticipation of 
future operational requirements . 

The description of these instruments are summarized in 
Table 7. 2. 1 (Ref. 16). 

7.3 TIROS-N SPACECRAFT 

The TIROS-N is basically the DMSP 5D spacecraft. The .space- 
craft size in the launch configuration is 1.87 m (74 in.) diameter by 3.70 m 
(146 in.) long,, and the nominal weight is about 653 kg (1440 lb). An orbital 
configuration of TIROS-N is shown in Figure 7. 3. 1. 




ORIGINAL PAGE IS 
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Table?. 2.1 TIROS-N 


W - 

IFOV Number WEIGHT 


Unit 1 of 



km 

nmi 

Channels 

kg 

lb 

AVHRR 

1. 1 

0.59 

4 

23.1 

51.0 

TOYS BSU 

22.0 

11.80 

14 

28. 5 

62.8 

SSU 

147.2 

79.5 

3 

12. 5 

27.6 

MSU 

109. 1 

58. 9 

4 

16. 3 

36.0 

Power i 




4.5 

10.0 

DCS Power ■ 




2.3 

5. 1 

Receiver 




7.5 

16.5 

Signal Proc. 




8,2 

18, 1 

SEM 






LEPAT 




1.8 

4.0 

HEPAT 




3.4 

i 7.5 

TED 




2.0 

4.4 

POD 




1.8 

4.0 

DPU 




0.9 

2.0 

Growth MSU 



6 

27.2 

60.0 

Growth MSUE 



1 

5.9 

13.0 

Microwave Imager 



2 

27.2 

60.0 

Pollution 




22.7 

50,0 

Monitor (HIRS) 






5 Channel AVHRR 



5 




Mission Equipment 






Figure 7. 3, 1 



TIROS -N Orbital Configuration 


The changes that were made to DMSP 5D components were to 
satisfy the TIROS- N requirements or to configure a more cost-effective 
spacecraft. These changes are summarized in Table 7.3.1 (Ref. 16). The 
differences are the launch vehicle', fairing, - and the orbital nodal crossing 
times. The DMSP subsystem changes are' in the SC, EP, and CDH sub- 
systems and are as follows: 


a. 

Stabilization and Control 

- Software change, delete 
celestial sensors and add 



sun sensors for redundancy 

b. 

Auxiliary Propulsion 

- No change 

c. 

Electrical Power 

- Modify power supply electroncis 
and pulse load regulator for 
added busses. 

d. 

Communication and 
Data Handling 

- Change all components affected 
by frequencies. 


The changes in the SC and EP subsystems are basically limited to software, 
quantity of components, and modification of DMSP components. The CDH, 
however, cannot use most of the DMSP components because of the difference 
in communication frequencies. Thus the TIROS-N analysis is limited to 
only the CDH subsystem. The CDH component requirements summarized in 
the following section were obtained from Reference 16. The CDH functional 
block diagram is shown in Figure 7. 3. '2. 

7.4 C OMMUNICATION AND DATA' HANDLING 


The general requirements of the CDH that can be developed from 
Reference 16 are as follows: 

a. Command, The command uplink frequency is at VHF, 148.56 MHz. 
The modulation FSK/AM. The command rate is 1, 000 bps 
ternary FSK. There are 800 command words both stored and in 
realtime. A command word is 25 bits in length. There is an 
on-board computer to handle the stored commands. 

b. Tracking . The ephemeris determination and periodic orbital 
updates are obtained from skin tracking with Air Force radars. 

The Air Force processes the tracking data and transmits it to : 
NOAA. No vehicle equipment (such as a transponder) is required 
for the tracking function. 


7-4 



Table 7. 3. 1 DMSP and TIROS-N Comparison 


Launch Vehicle 


Heat Shield 


Nodal Times 


Spacecraft Sun 
Angle 


Attitude Control 


(Classificd/TE-M-364-4/ SLV-2A/TE-364-4/TE-364-15 
TE-M-364-15) 


Load Power Req. 
(Orbit Average) 

Weight 


Command 


Telemetry Proces 
ing 

Communication 

Links 


Central Ground 
Station 

Data Processing 


Recording 


Instruments 


1. 7m (67 in*) dia 


1.7m (67 m.) dia 


833 km (450 nmi) Sun Synch 833 km (450 nmi) Sun Synch 
Any: Ascending or Descend- Any: Ascending or Descending 


0 to 1*7 rad (0 to 95 deg) 


Z years 

Primary (Classified) 

Backup (Classified) 
(Classified) 


<467 kg '(1030 lb) 

S-Band SGI^ 

1 kbps 

Non-Re dundant 


0 to 1.2 rad (0 to 70 deg) Sel- 
ectable 

1 to 1,7 rad (55 to 95 deg) 
before launch 

2 years 

Primary (Classified) 


Backup (Classified) 
(Classified) 


<649 kg (1430 lb) 

S-Band SGLS 
1 kbps 

Additional Redundancy 
Completely Redundant 


Real 'Time S-Band 1 Mbps Real Time S-Band 1 Mbps 

Serial Playback (High Power) Serial Playback (High Power) 
S-Band (1-2.7 Mbps) ' S-Band (1-2.7 Mbps) 

Serial Playback (Low Power) Serial Playback (Low Power) 
S-Band (1-2.7 Mbps) S-Band (1-2,7 Mbps) 


TLM S-Band 

(2j 10, or 60 kbps) 


Two in Continental U.S, 


TLM S-Band 
(2, 10, or 60 kbps) 

Real Time Sounder 
UHF 1 kbps 


Four Recorders at 
1 , 6 X 10° bits 


GFE 

Four Recorders at 
I 1. 6 X 10^ bits 



Atlas F/TE-M-364-15 


2, 1 m (84 in.) dia Metallic 
Fairing (OVl) and Delta 2,4 m 
(94 in.) dia Isogrid Fairing. 

833 km [450 nmi] Sun Synch 

0600 - 1000 Descending or 
1400 - 1800 Ascending 

0 to 1*2 rad (0 to 68 deg) 


2 years 

^0,02 rad (*1 deg) Control 
±3.5 mrad (±0,2 deg) Pre- 
diction for 12 hours 

1.7 mrad (0, 1 deg) Knowledge 

0.6 mrad/s (0.035 deg/s) rate 
(Pitch and Yaw) 

0.3 mrad/s (0.015 deg/s) rate 
(Roll) 

330 W Baseline 
425 W Growth 

< 1225 kg (2700 lb) 

« 680 kg (1500 lb) 

VHF SGLS 
1 kbps 

Completely Redundant 

Real Time S-Band 667 kbps 

Dual Playback 
S-Band (2, 7 Mbps) each 

Real Time VHF 2 kHz 
Real Time TLM«8 kbps VHF 
and Low Rate Data 


Two CDA*s 

One European Station 

Non-Redundant Processor 
for 5- Channel AVHRR 
667 kbps 
67 kbps 
2 kHz 

Redundant Processor for Low 
Rate Sensor Plus TLM 
8320 kbps 

10 Minutes - 667 kbps 

428 Minutes •* 67 kbps 

220 Minutes - 8320 bps 
Four Recorders at 
1. 6 X 10^ bits 

Unique 

Growth MSU 
HIRS 

Five channels AVHRR 

ESivlR 

Real Time 

Temperature Profiles 


OF POOB QUAU™ 

























c. 


Telemetry, There are five telemetry downlinks on the vehicle. 
The beacon downlink contains 60 kbps during launch and 8.32 kbps 
during orbital operations. The information on this link is house- 
keeping, command verification, cind some sounder data. The 
modulation scheme is PSK/PM. The beacon transmits continu- 
ously from launch. The VHP real-time link has a 2^-4 kHz sub- 
carrier .which is AM modulated. This subcarrier in turn FM 
modulates the carrier. This link is on continuously after orbit 
injection. There are three S-band downlinks. One of these 
transmitters will run continuously and transmit real-time data 
and the other two will transmit tape recorder dump data. The 
real-time data will PSK/PM modulate the carrier at a bit rate 
of 660 kbps. It will be read out at various High Resolution Picture 
Taking (HRPT) and Automatic Picture Taking (APT) ground 
stations each of which has about a 3 m (10 ft) and 31 dB gain dish 
at 1, 700 MHz. One of the other links will transmit at a 160 kbps 
rate to either the HRPT, APT, or the Command and Data Acqui- 
sition (CDA) gro\md stations. The third link will transmit at 
either 1. 33 Mbps or 2. 66 Mbps rates to the CDA ground stations 
at Gilmore Creek, Alaska and Wallcps Island, Virginia. The 
modulation scheme on these two links is PSK/PM also. Actually, 
the three S-band transmitters will be cross-strapped such that 
any of the bit streams can be switched by command to any trans- 
mitter, The power output from each transmitter is 5 W. 

7.4.1 S-Band Transmitters 

The requirements are; 

a. Frequency band; 1695 - 1710 MHz 

-5 

b. Frequency Stability; ±2 x 10 

c. Power Output: 5 W 

d. Modulation: PSK 

e. Bandwidth (with Doppler); ■ <3 MHz 

f. Baseband: I 60 kbps, 660 kbps, 1.33 Mbps, and 2.66 Mbps 

g. Spurious PM: £5 deg rms 

h. AM Noise: percent 

i. ‘ Duty Cycle: 1 unit 100 percent, 2 units 10 percent 

j. Number Required: 3 

There are no transmitters in the catalog that will meet the above 
requirements. RCA documentation (Ref. 16) indicates they were planning to 
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modify the DMSP transmitters for this application but in discussions with 
NASA, it was stated that RCA has abandoned this plan and will go out for a 
new design. Apparently the modifications necessary, primarily a change 
from the 2200^2300 MHz band to the 1697-1710 MHz band, would be too 
extensive, 

7. 4. 2 VHF Real-Time Transmitter 

The requirements are: 

a. Frequency: 137,5 and 137.62 MHz 

b. Frequency Stability; ^2x10’"^ 

c. Output Power: 5 W 

d. Modulation; Carrier FM; Subcarrier AM 

e. Bandwidth (with Doppler): 5 50 kHz 

f. Modulation Index; Carrier 17 kHz, peak; 

Subcarrier '£92 percent 

g. Subcarrier Frequency: 2.4 kHz 

h. Residual FM Noise: 340 Hz peak-to-peak 

i. AM Noise: s 5 percent 

j. Duty Cycle: Continuous 

k. Number Required: 2 

The ITOS-D (N4-4-3) VHF real-time transmitter is the only one 
in the catalog that will come near meeting the above requirements and it will 
require some modifications. The characteristics of this unit are as follows: 

a. Frequency: 137. 5 and 137. 62 MHz 

b. Frequency Stability: 5 x lO”^ 

c. Output Power; 5 W minimum 

d. Modulation: FM 

e. Bandwidth; 4.2 kHz 

f. Modulation Index: Not Specified 

g. Residual FM Noise: 60 Hz 

h. AM Noise: Not Specified 
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The modifications necessary are the bandwidth and frequency 
stability. The bandwidth modification probably only involves filter changes. 
The stability requirement may be waived as the 2 x lO"^ may be an arbitrary 
number. It will depend entirely on the ground station requirement. If the 
modification is necessary it will require a new crystal which Avill probably 
require re qualification. 

7.4.3 Beacon Transmitter 

The requirements are: 

a. Frequency: 136.77 MHz 

b. Frequency Stability: *2 x lO”^ 

c. Output Power; 0.5 W 

d. Modulation: PSK/PM 

e. Bandwidth (with Doppler): 2 30 kHz 

f. Modulation Index: ±72^gdeg, peak 

g. Data Rate: 8.32 and 60 kbps 

h. Spurious PM: 21.5 deg rms 

i. AM Noise: <5 percent 

j. Duty Cycle; Continuous 

k. Number of Units: 2 

There is no transmitter in the catalog that meets the above 
requirements. A new unit will have to be developed, 

7. 4. 4 Command Receiver 

The requirements are: 

a, . Frequency; _148. 56 MHz 

b. Frequency Stability: ±2 kHz 

c, BER: 10 at -88 dBm 

d. Dynamic Range: -88 to -8 dBm 

,e. Noise Figure: £7 dB 

f. Unsquelch Level: . 9 dB 
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g* 


h. 


i. 

j. 

k. 

l . 

m. 


Modulation: Carrier AM . 

Subcarrier Data 1, 000 bps ternary FSK 
Clock AM on subcarrier 

Modulation Index; Carrier 85 ± 5 percent 

Clock 50 percent 

IF Bandwidth: S42 kHz 


Clock Rate: 1, 

8 kHz 


000 Hz sinewave 


"O" ; 12 kHz 

"S” : 10 kHz 


No receiver in the catalog meets the above requirements. None 
of the NASA programs utilize the ternary system. Several of the receivers 
meet or nearly meet the requirement from the front end to the IF but none 
meets the requirements past the IF. This will have to be a new development. 

7.4.5 Antennas 

There are six antennas on this vehicle < This includes three S-band, 
one VHF real-time, one beacon/ command, and one data acquisition antenna. 

The requirements for each of these are delineated in the RCA documentation. 
According to these requirements, there are no antennas in the catalog that 
can be used for these fimctions. 


Command Decoder 

No requirements have been given in the RCA documentation. 

The DMSP Program Office.advises that there are about 800 real- 
time and 800 stored program commands, each 25. bits in length. RCA 
states . that they are going to use the DMSP Controller Interface Unit (ClU) 
for the decoder function and a DMSP computer for the stored cornmands. 

The data sheet in the catalog on the ClU does not provide sufficient technical 
data on the capability of the unit. Without requirements or details on the 
CIU it is not possible to select a candidate for a decoder for this program. 
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7.4.7 


Tape Recorder 


The requirements and performance characteristics of the DAiSP 
(D7-4-5) recorder are as follows: 

a. Record Rates: 66.56, 665, 6, and 1331. 2 kbps 

b. Input Data Format: NRZ-.Li 

c. Record Time: 400,. 40, or 20 min. 

q 

d. Total Storage: 1.7x 10- bits 

e. Record/Reproduce: 40:1/2:1 

f. Reproduce Time: 20 or 10 min. 

g. Reproduce Rate: 1331.2 khps or 2662.4 kbps 

The requirements for TIROS-N correspond to the characteristics 
of the DMSP recorder (D7-4-5). 

7.4.8 Digital Telemetry Unit 

Requirements were not provided for a DTU. The TIROS Informa- 
tion Processor (TIP) and the Manipulated Information Rate Processor (MERP) 
will handle this function. Both have memory storage and computational 
capabilities. Stored program commands will be stored in either one or 
the other of these units. The RCA documentation gives considerable detail 
as to how the TIP, and the MIRP work. As nearly as can be ascertained, 
both of these units appear to be new development. 
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8. COST ESTIMATES FOR NEW STARTS 


The basic concept used in performing cost analysis in this study 
is to prepare estimates for a baseline new start spacecraft, assuming that 
all of the components and subsystems must be fully developed according to 
normal procedures, and alternatively, for new starts where it is planned 
that as many components as possible would be used from previously - 
developed spacecraft. The SCM is used to produce estiinates that cover 
DDT&E and unit (recurring) cost in terms of' constant 1975 dollars for all 
cases. 

DDT&E is taken to include engineering design, development, test 
(including qualification testing), and evaluation. In addition, it includes 
tooling, ground support equipment (GSE or AGE), and the manufacture of 
any qualification units. Recurring unit cost includes fabrication, assembly, 
inspection and acceptance testing labor as well as materials, subcontract, 
and production engineering (or sustaining engineering) effort. It has been 
assiimed that only one article for qualification and flight is needed for all 
new starts. Spacecraft related costs only are included. For example, 
checkout and testing of spacecraft at the launch site is included in the 
recurring cost, but laimch vehicle costs are excluded. Contractor fee 
(or profit) is included, but is shown as a separate category. The model 
treats mission equipment as a throughput (i.e., all mission equipment 
related costs are estimated outside of the model); hence, output equals input. 
For purposes of cost analysis, it has been assumed that mission equipment 
remains tmchanged between baseline and alternative cases. 

A summary of costs for the baseline case and all alternative cases 
for each new start is- presented in this section. Detail cost breakdowns can 
be foxmd in the Appendixes D through G. Detail breakdowns include the 
basic computer output as well as the component- oriented output for each 
case, examples of which were previously shown in Figures 2. 3 and 2.4 
respectively. 


The SCM is described in Section 2.4. 
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The component-oriented outputs contain listings by subsystem of components 
that have been selected to meet the requirements of each particular design. 
Quantities and weights are shown along with cost and other pertinent data; 
however, it should be noted that certain components in the listings may not 
be exactly the same as those described in the technical discussion in 
Section 3 because a few components have not been entered in the SCM-data 
base. Whenever particular components were missing from the data base, a 
substitution was made that most nearly approximated the desired item. In no 
case did such substitutions have any appreciable effect on the analysis. 

8. 1 LST COST ESTIMATES 

Table 8. 1 contains a s\immary of costs together with the 
possible savings that could be realized by using LiST alternative concepts 
to the baseline case. The table presents cost estimates witn and without the 
effect of mission equipment cost. Detail breakdowns are in Appendix D. 

Six cases are considered; the baseline and five alternatives. The 
alternatives deal with differing combinations of components within a particu- 
lar subsystem. For example, Do Cost (RW-EP2) covers an LST configura- 
tion that uses previously-developed hardware to achieve a Lo. Cost design 
but replaces a control-moment gyro (CMC) with a reaction wheel (RW) type 
of stabilization and control subs^ystem and replaces a series load regulation 
(EPI) with a discharge regulation (EP2) electrical power subsystem. 

A comparison of total program costs for the various alternatives 
presented in Table 8. 1 reveals that savings could be approximately 12 to 14 
percent compared to a normal satellite program represented by the LST 
baseline. The fact that total satellite costs form the basis for comparison 
may obscure a more realistic appraisal of possible savings because mission 
equipment cost, which is substantial, is included in total cost but plays no 
part in generating possible savings. Accordingly, a second set of numbers 
is included in Table 8, 1 that shows possible savings when mission equipment 
cost is excluded from consideration. The second set of numbers produces 
savings estimates that fall between 30 and 40 percent of spacecraft total 
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Table 8. i LST Cost Estimates ■ 


Cost Including Mission Equipment 


LST Configuration 

DDT&E 

Cost 

Unit 

Cost 

Total 

Cost 

Cost 

Savings 

% 

Savings 

LST Baseline 

392. 1 

165. 8 

55.7. 9 

■ 


Lo Cost (CMG-EPl) 

346. 5 

146. 2 

492. 7 

65. 2 

11.7 

Lo Cost (RW-EPl) 

345. 1 

139.7 

484. 8 

73. 1 

13. 1 

Lo Cost (CMG-EP2) 

343. 8 

143.2 

487. 0 

70. 9 

12. 7 

Lo Cost (RW-EP2) 

342.4 

136. 7 

479. 1 

78. 8 

14. 1 

Lo Cost {RW-EP3) 

341. 2 

136.7 

' 

477. 9 

80. 0 

14. 3 


Cost Excluding Mission Equipment 


LST Configuration 

DDT&E 

Cost 

• Unit 
Cost 

Total 

Cost 

Cost 

Savings 

% . 

Savings 

LST Baseline 

142. 1 

65. 8 

207. 9 



Lo Cost (CMG-EPl) 

96. 5 

46. 2 

142. 7 

65. 2 

31.4 

Lo Cost (RW-EPl) 

95. 1 

39. 7 

134. 8 

73. 1 

35.1 - 

Lo Cost (CMG-EP2) 

93. 8 

43. 2 

137. 0 

70. 9 

34. 1 

Lo Cost (RW-EP2) 

92.4 

36. 7 

129. 1 

78. 8 

37. 9 

Lo Cost (RW-EP3) 
1 

91. 2 

■ 36. 6 

127.8 

80. 1 

38. 5 
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■ cost. If DDT&E and xmit cost subcategories are considered separately, 
potential savings percentages of 32 .to- 36 for. DDT&E and 30 to 44 for unit cost 
are observed. 

The basic conclusion that can be .drawn from an examination of 
-the;figures- in Table 8. 1 is that when previously~developed components are 
used in an LST design, total- satellite program costs could possibly be 
decreased by more than 10 percent; 30 percent for spacecraft only. Addi- 
tional savings could materialize if the types of alternative subsystems 
listed for LST were considered in tradeoff studies; however, the relatively 
minor increases in potential savings must be weighed against any imcertain- 
ties and technological risks that such alternatives might entail. Finally, 
substantial unit (recurring) cost savings appear, to be a prospect for the 
LST (but not for the other satellites considered in this section). 

8. 2 HCMM COST ESTIMATES 

Table 8. 2 contains cost estimate summaries for six HCMM cases; 
Appendix E provides detail cost breakdowns. Of the six alternative cases 
considered, two. include, baseline designs — one for the HCMM that uses a 
single scan wheel and another that substitutes a SAGE type two- scan wheel 
system in stabilization and control. (The HCMM/ SAGE design is over- 
weight from a technical standpoint but is included for cost comparison. ) 

Two electrical power alternatives are also. treated. The figures in Table 8. 2 
show program cost savings of approximately 15 to 20 percent for Do Cost 
type designs, i. e. , designs that use previously -developed components. Note 
that cost savings for the 3rd and 5th cases are calculated from the HCMM 
baseline (with the single scan wheel) and the 4th and 6th cases use the 
HCMM/ SAGE baseline. If only the spacecraft portion of program costs 
is considered as a base, potential savings are 25 to 30 percent. Unlike 
the previous DST comparison, DDT&E is the major contributor to cost 
savings for HCMM. 
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Table 8,2 HCMM Cost Estimates 


Cost including Mission Equipment 


HCMM Configuration 

DDT&E 

Cost 

Unit 

Cost 

Total 

Cost 

Cost 

Savings 

% 

Savings 

HCMM Baseline 

61. 2 


75. 3 

B 


HCMM/SAGE Baselti 

54.0 

mgm 

69- 1 

B 


Lo Cost - (1 SW) 

47. 1 


60 . 1 


20 

Lo Cost - (2 SW) 

44. 9 

■M 

58.4 

■IM 

15 

Lo Cost - (1 SW-EP2) 

46. 6 

■H 

59. 5 

15.8 

21 • 

Lo Cost - (2SW-EP2) 

44,4 

13. 5 

57. 9 

11. 2 

16 


2 . 


Cost Excluding Mission Equipment 


HCMM Configuration 

DDT&E 

Cost 


Total 
Cos t 

Cost 

Savings 

% 

Savings 

HCMM Baseline 

42. 2 

10. 6 

52. 8 



HCMM/SAGE Baseln 

35.0 ■ 

11. 6 

46.6 



Lo Cost - ( 1 SW) 

28. r 

9.5 

37. 6 


29 

Lo Cost -(2 SW) 

26.9 

10.0 

35. 9 


23 

Lo Cost -(1 SW-EP2) 

27. 6 

9.4 

37. 0 

15. 8 

30 

Lo Cost -(2SW-EP2) 

25.4 

10. 0 

35.4 

11. 2 

24 
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The basic conclusions that can be drawn from the figures in 
Table 8. 2 are that program savings could approximate 20 percent (30 
percent for spacecraft only) and that such savings stem principally from 
the development cost category. 

8. 3 SAGE COST ESTIMATES 

Five alternative cases are considered for the SAGE program. 
Table 8. 3 contains the pertinent data from which approximations of poten- 
tial cost savings can be made. Appendix F provides detail breakdowns. 
Cost estimates' for all five cases, including the baseline, are based on the 
assumption that the HCMM program precedes SAGE and that the HCMM 
stabilization and control and electrical power subsystems can be used on 
SAGE. Thus, the SAGE baseline may be a misnomer because it includes 
previously- developed components and potential savings are relatively low 
compared with those for the other programs. Program savings could be 
as high as 15 percent; spacecraft savings could be over 20 percent. Again 
DDT&E contributes the major share of potential savings. 

8.4 SMM COST ESTIMATES 

Three cases are presented for the SMM as shown in Table 8.4 
The detail breakdowns can be found in Appendix G. Program savings 
appear to be between 15 and 20 percent; spacecraft savings could be 
approximately 25 percent. Unit cost contributes to total, estimated savings 
but the largest share is attributable to DDT&E. 

8. 5 OBSERVATIONS 

For the satellite programs treated in this section, it appears 
that a case can be made for expecting cost savings that range from 10 to 
20 percent if components from previously-developed spacecraft are used 
in new start designs. If the spacecraft only is considered, values of 20 
to 40 percent may be achievable. The latter figures may represent a 
more straightforward set of values because they are based on costs that 
exclude mission equipment, which is not treated in this analysis. It must 
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Table 8, 3 SAGE Cost Estimates 


Cost Including Mission Equipment 


SAGE Configuration 

DDT&E 

Cost 

• Unit 
Cost 

Total 

Cost 

Cost 

Savings 

% 

Savings 

SAGE Baseline 

39.6 

14. 3 

53. 9 



Lo Cost 

33. 0 

13.6 

46. 6 

7.3 

14 

Lo Cost-(AP/CG) 

33. 7 

14. 1 

47. 8 

6.1 

11 

Lo Cost- (AP/HCMM) 
Lo Cost-(EPa) 

31.9 
32. 8 

13. 7 
13.5 

45. 6 
46.3 

8.3 

7.6 

15 • 
• 14 


Cost Excluding Mission Equipment 


SAGE Configuration 

DDT&E 

Cost 

Unit 

Cost 

Total 

Cost 

Cost 

Savings 

t 

% 

Savings 

SAGE Baseline 

23. 0 

11.9 

34. 9 



Lo Cost 

16.4 

11. 2 

27.6 

7.3 

21 

Lo Cost-(AP/CG) 

17. 1 

11.7 

28. 8 

6. 1 

17 

Lo Cost-(AP/HCMM) 

15.3 

11.3 

26. 6 

8. 3 

24 

Lo Cost-(EP2) 

16.2 

11. 1 

27.3 

7.6 

21 
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Table 8.4 SMM Cost Estimates 
Cost Including Mission Equipment 


' SMM Configuration ' 

fDDT&E 

Cost 

Unit 

Cost 

Total 

Cost 


. % . 

Savings 

SMM Ba,seline 

103. 3 

40.2 



■ 

Lio Cost 

86. 0 

35. 6 

121.6 

21.9 


Lo Cost-.(EP2) 

83. 2 

35.4 

118i6.. 

24.9 

1 


Cost Excluding Mission Equipment 


SMM Configuration 

DDT&E 

Cost 

Unit 

Cost 

Total 

Cost 

Cost 

Savings 

% 

Savings 

SMM Baseline 

68. 9 

mm 

90. 8 



Lo Cost 

51.6 


68. 9 

21.9 

24 

Lo Cost- (EP2) 

48. 8 

17. 1 

65. 9 

24.9 

27 
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be remembered that the baseline estimates in most cases represent 
normal full development programs and that many current programs 
often take advantage of prior developed hardware. Accordingly, the 
cost saving percentages presented in the tables are thought to represent 
upward boundaries. 
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9. CONCLUSIONS 


The study has indicated that a very high percentage of the house- 
keeping components can use flight-proven hardware if a complement of 
equipments, as provided in the equipment compendium, is available. Further- 
more, the usage of developed hardware appears to be attainable with not-too- 
extensive modifications to the components for most of the selected equipments. 
Of the components that were selected from the catalog for use in NASA new ‘ 
starts, the distribution between the components that were developed by DoD 
and NASA were about equal. This strongly suggests that components can be , 
transferred between programs and not be limited to contractors, centers, or 
agencies. 

Significant savings came from applying the catalog of developed 
components to the baseline. The sensitivity of alternative designs to increase 
the use of developed components was not productive in providing additional 
savings. The increase in the use of developed units from those selected in the 
baseline was very nominal and the added savings were very small. The possible 
savings were increased from an average of 26 to 30 percent for the alternate. 

In the following subsections, the data are summarized to show how 
the above conclusions were reached. The study excludes structures and ther- 
mal control as housekeeping components. The TIROS-N is not included among 
the cost analyses of LST, HCMM, SAGE, and SMM new starts because no addi- 
tional flight-proven components could be selected over the contractor -configured 
spacecraft. The TIROS-N spacecraft is basically the DoD/DMSP spacecraft 
except for the CDH subsystem. The use of catalog components did not increase 
the number of flight- proven hardware in the CDH subsystem beyond the con- 
tractor study. 

9. 1 USAGE OF DOD AND NASA COMPONENTS 

DoD and NASA flight-proven components that are listed in the 
equipment compendium (catalog) can provide up to 61 percent of the hard- 
ware for the four new starts. Of the selected components, 35 percent 
were DoD and 26 percent were NASA- developed units. The catalog from 
which the selections were made contains 202 DoD and 198 NASA components. 
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The NASA standard equipments that are documented in the liCS Standard 
Equipment Announcement and equipments fromother current programs 
that have not been cataloged, provided an additional 11 percent of flight- 
proven components. The balance of 28 percent to complete the house- 
keeping component is new development hardware. The distribution of 
components between the four new starts and sources providing the developed 
hardware are shown in Table- 9. 1. Also shown in the table is the hardware 
usage for the alternate configuration. The baseline configuration is the 
. spacecraft design that meets the subsystem requirements in the manner 
desired by the program,- whereas the alternate configuration meets most 
of the requirements. 

It should be recognized that the study intent is to provide data to 
determine the influence of flight-proven hardware on cost savings; it is not 
intended to be an optimization effort. As an example, HCMM and SAGE 
have a weight constraint which has been exceeded slightly when developed 
components were selected. Design tradeoffs to optimize the system’ con- 
figuration to reduce weight were not conducted in this study. 

9.2 COMPONENT MODIFICATIONS 

Component selections were made by examining the key technical 
characteristics as to their ability to provide the required functions. The 
modifications were identified to the extent of providing the required functions . 
As an example, a redesign may involve modifying a filter in a receiver, or 
a repackaging may involve removing one of three sections from a power 
converter. It was assumed that any changes for environmental criteria, 
electrical connectors, electrical match up, signal levels, mechanical 
mountings, and thermal interface can be integrated into the subsystem with 
no cost impact. Based on this ground rule, the levels of modifications 
were indicated on each component to provide the information to estimate 
the component DDT&E cost. The cost schedule to go along with the changes 
is described in Section 2.5. The method supplied a uniform estimating 
approach across all of the new starts. A summary of the number of 
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Table 9. 1 Distribution of Developed Component Usage 


(A) Baseline Configuration 


NEW STARTS 

CATALOGED 

NASA 

STD.- 

OTHER 
DEV'D 
HD WE. 


TOTAL 

COMP. 

DOD 

NASA 

LST 

13 

5 

2 

5 

10 

35 

HCMM 

8 

10 

0 

2 

8 

28 

SAGE 

9 

9 

1 

0 

3 

22 

SMM 

12 

8 

1 

3 

13 

37 

Total 

42 

32 

4 

10 

34 

122 

Percentage 

35 

26 

3 

8 

28 

100 


(B) Alternate Configuration 


NEW STARTS 

CATALOGED 

NASA 

STD. 

OTHER 
' DEV'D 
HD WE. 

NEW 

DEV. 

TOTAL 
COMP. = 

DOD 


LST 

14 

' 5 

2 

4 

9 

34 

HCMM 

9 

10 

0 

2 

7 

28 

SAGE 

■■ 

9 

1 

0 

3 

24 

SlvlM 

u 

8 

1 

3 

11 

36 

Total • 

46 

32 

4 ‘ 

9 

•30 

122 

Percentage 

38 

26 

3 

7 

25 

100 


9-3 


















































modifications, according to source of hardware, is shown in Table 9.2. 
Over 40 percent of the cataloged candidate components can be used with 
less than 10 percent DDT&E and 18 percent of the cataloged components 
selected will require modifications greater than 10 percent DDT&E. Based 
on this distribution, 70 percent of the components from the catalog can be 
used "as is" and 30 percent will require over 10 percent modification. The 
data also indicate that 50 percent of the housekeeping components can 
be employed with less than 10 percent component modification under the 
definition of this study. 


Table 9. 2 Component Modifications 


NEW 

STARTS 

MODIFICATION 
DDT&E < 10% 

SOME 

MODIFICATION 
DDT&E. >10% 

NEW 

DEVELOP. 

Catalog 

Other 

Source 

Catalog 

Other 

Source 

LST 

12 

4 

6 

3* 

10 

HCMM 

12 

2 

6 

0 

8 

SAGE 

13 

1 

5 

0 

3 

SMM 

15 

2 

5 

2 

13 

Total 

52 

9 

22 

5 

34 

Percentage 

43 

7 

18 

4 

28 


9. 3 DEVELOPED COMPONENT DISTRIBUTION 

The distribution of developed components between subsystems 
provides further information on commonality between agencies. In general, 
the DoD programs are earth- directed missions and NASA programs are 
space-directed missions. This basic mission difference results in more 
NASA components in the stabilization subsystem than DoD components for 
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NASA new starts; however, the other subsystems are not as mission 
oriented. They are the propulsion, electrical power, and communication 
which shows more DOD candidates than NASA components. The distribu- 
tion by subsystems is shown in Table 9. 3. The percentage of flight com- 
ponents from the catalog for propulsion, electrical power, and communica- 
tion is 96, 71, and 51 percent, respectively. 


Table 9. 3 Developed Components Distribution 
Between Subsystems 


BASELINE 

DOD 

NASA 

TOTAL 

SELECT. 

TOTAL 

COMPONENTS 

% 

SC 

6 

8 

14 

32 


AP 

13 

10 

23 

24 


EP 

8 

4 

12 

17 

71 

CDH 

15 

10 

25 

49 

■ 

TOTAL 

42 

32 

74 

122 

61 


9.4 COST SAVINGS 

The cost savings from using over 70 percent of the developed 
components have produced an average spacecraft cost reduction of approxi- 
mately 26 percent for the baseline configuration. The mission equipment 
cost is not included in the percentage. The baseline cost for "business as 
usual" is primarily an estimate with all new components. The baseline 
cost for "Low Cost" is the use of flight-proven hardware as selected 
candidates in this study from the catalog, NASA standard equipment, and 
other developed hardware sources. The difference is the baseline cost 
savings. The major portion of the savings (76 percent) comes from the 
reduction in component DDT&E and the balance comes from reduction i’ 
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the unit recurring cost (24 percent). Lower unit recurring cost savings 
result from the learning curve, i.e. , production line for the unit exists. . 

The savings in going from baseline to alternate configuration is 
relatively low. The alternate configurations did not produce a significant 
increase in the usage of flight-proven components. This is primarily due 
to the alternate configurations being limited to varying only the electrical 
power and stabilization subsystems. Communication subsystems could 
not be altered because the parameters were, such that only one basic con- 
figuration could be considered in meeting the network and data rate 
requirements. There was no advantage in reconfiguring the propulsion 
since the baseline could be configured with all flight-proven units. Recon- 
figuring would not increase the percentage but could change the weight. 

The cost savings is summarized in Table 9.4. The percent 
savings is based on one flight unit and total program cost without mission 
equipment. The total savings for the four new starts which exceeds $100M 
should be accepted as maximum amount, i. e. , optimistic savings. The 
fifth new start studied was not included in the cost analysis since the space- 
craft is basically a DoD configuration except for the CDH subsystem. 

This approach of using an existing spacecraft maximizes the use of flight- 
proven hardware. 
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Table 9.4 Summary of Cost Savings 


NEW 

DDT&E 

UNIT 

TOTAL 

STARTS 

Savings 

$M 

% 

Savings 

Savings 

$M 

% 

Savings 

Savings 

$M 

% 

Savings 

LST 







Baseline 

45.6 

32 

19.6 

30 

65.2 

31 

Alternate 

50. 9 

36 

29.2 

44 

80. 1 

39 

HCMM 







Baseline 

14. 1 

33 

1. 1 

10 

15.2 

29 

Alternate 

14.6 

35 

1.2 

11 

15.8 

30 

SAGE 

Baseline 

n 

29 

0.7 

6- 

7.3 

21 

Alternate 


33 

0.6 

5 

8. 3 

24 

SMM 







Baseline 

17. 3 

25 

4.6 

21 

21.9 

24 

Alternate 

20. 1 

29 

4.8 

22 

24. 9 

27 

Baseline 

83.6 

30 

26.0 

17 

109.6 

26 

Alternate 

93.3 

33- 

35. 8 

21 

129. 1 

30 
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APPENDIX A 


SC DESIGN CONSIDERATIONS 
FOR THE HCMM BASE MODULE 

A. 1 INTRODUCTION 

This analysis addresses preliminary attitude and velocity control 
system design considerations of the heat capacity mapping mission (HCMM) 
base module. The base module must accommodate two payloads: (1) the 
heat capacity mapping radiometer (HCMR), and (2) the stratospheric aero- 
sol and gas mission (SAGM) * sensor. 

The HCMM mission requires a 6 00 km (324 nmi), 89 deg inclined, 
sun synchronous orbit. It has a 70 m/sec velocity requirement for 
the purpose of circularizing the orbit and changing the average altitude. 

These velocity requirements necessitate a propellant with high specific 
impulse such as hydrazine. 

The specification requires that the SC have automatic acquisition 
capability. Reacquisitions must be performed within one day. The speci- 
fication demands autonomous control, i.e., "Perform Initial De spin. Acqui- 
sition, and Reacquisition in a Closed— Loop Fashion, . . "j and "Perform Fine 
Control in a Closed-Loop Fashion..." The specification (Reference 11) 
suggests a three-axis momentum bias system be used to provide this control. 

The solar, aerodynamic, and gravity gradient torques are 
negligible for this orbit. The primary disturbance torques are: (1) the 

magnetic dipole of the payload reacting with the earth's magnetic field; 
and (2) a cooling system failure of the payload producing a torque through 
one orbit. Other sources of disturbances include various residual angular 
momentum sources on the payload. 

The SAGE mission uses the HCMM base module in a 600 km 
(324 nmi) 50 deg inclined orbit. The SC requirements for SAGE are similar 


'^his experiment has the acronym SAGE. 
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to the HCMM mission with the exception of the delta V requirement. The 
primary sources of distrubances for SAGE are payload residual angular 
moments and magnetic dipole. 

In the following section, an acquisition sequence is developed 
that meets tibe requirements of the specification in that it requires minimal 
ground base interaction. In Section A. 3 the mass properties and disturbance 
models are used to size SC subsystem components which' meet the specifications. 

A. 2 ACQUISITION SEQUENCE 

The HCMM vehicle will be launched by a four-stage Scout F 
launch vehicle into the 600 km {324 nmi) circular, nearly polar, sun syn- 
chronous orbit. The injection point will be on'the dark side of the earth 
for this orbit, which has a 30-deg vehicle-earth-sun angle on the ascending 
node. The vehicle and fourth stage are spin- stabilized at 90 rpm prior, 
during, and 320 i 20 sec after the burn. Subsequent to spin-up, the SC 
is required to provide a spin speed measurement. It is assumed that this 
measurencient can be performed on the light side via a spinning sun sensor. 

Due to the mass properties of the payload, the spin axis of the 
vehicle will be the axis of minimum inertia (prior to solar array develop- 
ment). To avoid a buildup in transverse rate, the despin shoiold be initiated 
during the' first orbit after injection. The despiii will be done closed loop via 
a rate gyro. The gyro, whose range must be limited for subsequent use 
in acquisition, will be initially saturated and must be capable of withstanding 
the 9«4 rad/s (540 deg/sec) of the spinning phase. A closed-loop design 
is desirable, since ground station passes are limited to 5 to 10 min for 
telemetry and less for commands. 

Following despin and subsequent array deployment, the remainder 
of the mission will require earth pointing for both the HCMM and the SAGE 
missions. The orbital coordinate frame for these missions has the Z-axis 
pointing to nadir, the X-axis along the velocity vector, and the Y-axis com- 
pleting the right-hand triad. The payload is mounted on the +Z vehicle 
axis. Fine pointing for these missions requires aligning the vehicle co- 
ordinate frame with this orbital coordinate frame. 


A-2 



Each mission requires a differing payload FOV. The HCMM 
mission maps the heat capacity by rotating its scanning sensor head about 
the X-axis while looking out of the Z-axis. During the SAGE mission, its 
payload scans the horizon by rotating the scanning head about the vehicle 
Z-axis. Accommodating both of these FOV requirements necessitates that 
the base module not have any structure interfering with these FOV s. 

Since the primary attitude sensing device wiU be an earth sensor, these 
FOV requirements necessitate that the sensor be mounted on the base 
module itself. This assumes .that payload mounting of the sensor is 
structurally impossible and undesirable. A scanning wheel earth sensor 
can be used to determine earth referenced attitude from a base module 
mounted location. 

A. 2. 1 HCMM Acquisition 

The HCMM mission, due to its sun- stationary orbit, lends itself 
to an acquisition sequence beginning with a sun acquisition, followed by a 
transfer to earth point when the vehicle Z-axis is 30 deg relative to nadir. 
At eqmnox, this would correspond to the ascending node of the orbit. 

After despin, the vehicle will have residual rates and an arbi- 
trary orientation. To acquire the.sim from these initial conditions, the 
sun sensor requires a 4v steradian FOV. 

The earth sensor must also have a wide FOV, since its radius 
at 600 km (324 nmi) altitude is 1. 15 rad- (66 deg) (horizon -to -horizon half 
cone angle). But, to stay within the FOV constraints of the payload, the 
sensor will.of neces sity be mounted on the base'module. Either a conical 
scan or a radiance -balance sensor would be suitable. However, the 
radiance balance, type would have to be mounted around the peripheryof the 
payload, necessitating rather complex thermal compensation in the pro-, 
cessing electronics; hence, the conical scan is favored; ■ 

The three -axis controller used for the fine pointing, phase of: .? 
the mission requires a yaw reference to be supplied, by momentum bias,-, 
or a star- tracker. The momentum bias approach is favor ed. for. its rsim- 
plicity, ease of. acquisition, and flight-proven performance.. Hence,; the 
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wheel control configuration, consisting of roll /yaw offset thrusters for 
roll control and variable speed wheel for pitch control, was chosen for 
the fine pointing phase of the mission. 

The conical scanning earth sensor has a large weight penalty 
associated with it, as does the wheel. The two are combined in the form . 
of a scanning wheel with momentum bias. To obtain earth sensor signals 
the wheel must be spun up prior to earth acquisition. A single wheel- 
mounted scanning earth sensor provides only one eixis of information unless 
the earth chord is fixed (i. e. , constant altitude). This acquisition sequence 
is adjusted to accommodate this limitation. 

Since the vehicle acquires the earth with an arbitrary yaw error, 
this yaw error transfers to a roll error in a quarter orbit and is removed 
by the roll controller at that time. Since the error could be large, the 
acquisition thrusters rather than the roll/yaw thrusters should be used 
during the first orbit after earth acquisition. 

Table A-1 summarizes the acquisition sequence suggested for 
HCMM. Reacquisitions would begin at-STin acquisition and proceed through 
to earth fine pointing. 

In addition to the operational features given in Table A-1, the 
HCMM mission requires periodic velocity (delta V) corrections to main- 
tain the orbit. This delta maneuver can be performed using the earth 
point mode in conjunction with the rate gyro, as described in Section A. 3. 

A. 2. 2 SAGE Acquisition 

The SAGE mission utilizes a 600 km (324 nmi) circular orbit, 
inclined 50 deg with respect to the equatorial plane. For this orbit an 
acquisition sequence begmning with a sun acquisition works rather well 
when the ascending node coincides with noon spacecraft time. However, 
for any other times of the year, a single scan wheel/earth sensor would 
not always be able to determine a unique two-axis earth sensor output 
while sun pointing. This ambiguity can be overcome by adding an additional 
scanner wheel, as described in Reference 17. Using a dual scan wheel 
configuration with a full conical scan FOV also increases the earth range. 
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Table A-1 HCMM- Acquisition Sequence 


Step 

Mission Phase - 

V ehicl e Situation 

1. 

Despin 

Yaw rate gyro reference 
de spins the vehicle with yaw 
thrusters from 90 rpm to 
zero. Rate gyro holds 
■ vehicle yaw rate at null. 

2. 

Solar Array Deployment 

Zero yaw rate. 

3. 

Sun Acquisition 

From arbitrary initial 
conditions vehicle neg Z 
axis is pointed using pitch 
and roll thruster control. 

4. 

' Reaction Scan Wheel 

Run-Up 

After sun lock, wheel is 
run up to provide earth 
sensor signal.' 

5. 

Earth Acquisition 

Switch from sun sensor to 
earth sensor when the pitch 
error becomes small. 

6. 

Earth Point 

Earth point for one orbit 
as yaw error is nulled. 

Rate gyro no longer controls 
yaw rate. 

■ 7. 

Fine Earth Point 

Spacecraft controlled in 
pitch by wheel, in roll by 
roll /yaw thrusters. 
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Table A-2 SAGE Acquisition Sequence 


Step Mission Phase 

1. Despin 

2. Solar Array Deployment 

3. Reaction Scan Wheel 
Run-Up 

4. Earth Acquisition 

5. Earth Point 

6. Fine Earth Point 


Vehicle Situation 

Yaw rate gyro reference, 
despin with yaw thrusters 
from 90 rpm to zero. Rate 
gyro holds vehicle at zero 
rate. 

Zero yaw rate. 

Running up wheels rotates 
vehicle in pitch and provides 
earth sensor information 

Acquire earth using roll 
and pitch earth sensor 
output to drive roll and 
pitch thrusters, 

— Earth point for one orbit 
as the yaw error is nulled. 
Rate gyro and yaw thrusters 
are inoperative. 

Spacecraft controlled in 
pitch and roll /yaw by two 
reaction wheels. 
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making a sun acquisition unnecessary. A full conical scan can be attained 
when the scan cone has a FOV which is clear of body structure. 

Then the acquisition sequence, subsequent to despin, would begin 
with running up the two wheels. These wheels would be mounted such that 
the primary momentum component is along the vehicle pitch axis. Running 
up the wheels would in turn impart to the vehicle a rate about the pitch axis 
to maintain total momentum at zero. This rate would cause the vehicle to 
search for the earth by rotating about its Y axis. When the earth comes 
into the sensor field of view, the earth would be acquired automatically 
via commands generated by the control electronics. Fine earth pointing 
could be established after less than one orbit after the yaw error had been 
nulled. This acquisition sequence for SAGE is given in Table A-2. 

A. 3 DESIGN CONSIDERATIONS 

The configuration as defined in Section A. 2 is sized based upon 
the vehicle mass properties, disturbance torques, and the pointing accuracy 
requirements. These design considerations follow. 

A. 3. 1 HCMM Design 

The mass properties for the HCMM vehicle are given in Table 
A -3. The payload mass properties are taken from the specification while 
the vehicle is assumed to be a uniformly dense cylinder. Two solar arrays 
are used as described in the Electrical Power section. The mass properties 
are given for the vehicle before and after solar array deployment. 


Table A-3 HCMM .Mass Properties - 


Vehicle 

Configuration 

z z 

Vehicle Inertias,kg ms^ (slug ft ) 



I 

I 

I 


X 

y 

z 

Array Stowed 

2.4 (17. 5) 

2.5 (18. 1) 

1.2 (8.84) 

Array Deployed 

5.9 (42.9) 

2.2 (16. 2) 

4.7 (33.6) 


Weight = 152 kg (337 lb) 
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During the spinning portion of the mission, the SC is required 
to supply a measure of spin speed within 0. 5 rpm of the 90 rpm desired 
spin, speed. Th,e specification is not clear regarding the purpose of this 
measurement so we assume it is telemetry for ground information, and 
that it can be provided by a spinning sun sensor. The injection occurs on 
the dark side of the earth. Separation is delayed some 3Z4 sec beyond 
injection and Scout burnout. Due to the unfavorable inertia ratio, separation 
and despin should occur within the first orbit to minimize coning burnups. 

The spin information can be delivered on the first telemetry pass over a 
station. The spinning sun sensor should have a tr rad (180 deg) FOV ,so that 
the spin rate can be determined from large sun elevation angles. 

The rate gyro used during despin should provide a saturated output 
during the spinning phase. TMs output can then be used to drive a bang -bang 
yaw-thruster control system. This provides an essentially open loop thruster 
despin command until the gyro comes out of saturation. When the gyro 
comes out of saturation a derived rate modulation feedback can be used to 
prevent overshoot of the zero rate point. 

This rate gyro serves two other functions: preventing yaw rate 
build-up during sun acquisition and providing a yaw reference during velocity 
corrections. The latter places the most stringent requirements on its 
output characteristics. To maintain the yaw attitude within the specification 
value of 0. 03 rad (2 deg) for 30 sec during delta V, the effects of 
drift rate and threshold must be less than 0. 3 m rad/s (0. 0167 deg/sec). 

A wheel control type system is proposed for the fine pointing 
phase of HCMM. For details of this design procedure see Reference 18. 

For the wheel control system, the yaw error is fixed by the wheel momentum 
and the disturbance torques. For this orbit the, torques generated by 
aerodynamic, solar, and gravity gradient forces are greatly surpassed by 
the magnetic dipole moment of the payload. This magnetic moment of 
1000 pole cm ( = 1000 Gauss - cm = 1. A m ) interacts with the earth's 
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magnetic field to produce a maximum of 62 pNm (46 |x ft- torque at 
the earth's magnetic pole. This torque is assumed inertially fixed. A 
smaller peak torque of 31(iNm (23 p ft-lb) is obtained at the equator. 

Using the larger torque, the vehicle accumulates 62 mNms (46 m ft- lb- 
sec) of momentum per radian of orbital motion. The yaw error then 
will exceed the roll deadband by the ratio of this disturbance momentum 
divided by the bias momentum. Hence, a bias momentum of 5. 4 Nms 
(4 ft-lb - sec) will produce a yaw deviation beyond the roll deadband of 
less than 0. 02 rad (1 deg). 

The purge transient will act to produce a torque in the roll/ 
pitch plane. It acts 53. 3 cm (21 in.) from the center of mass producing 
0. 17 Nms (0. 126 ft- lb -sec) of body-fixed momentum in one orbit. A 
10 percent control authority in pitch can easily tolerate the worst case 
combination of the transient and the magnetic torques. 

The rate requirement of 0. 17 m rad/s (0.01 deg/sec) for roll 
can be met by using a momentum correction of 0. 01 Nms (0. 0075 ft-lb - 
sec ) or less. This momentum, requirement can be met using a 0. 45 N 
(0. 1 lb) thruster acting on a 30 cm ( 1. 0 ft) moment arm. During fine 
pointing and in the absence of on-board payload disturbances, yaw and 
pitch rates will be an order of magnitude below the specification, , 

The HCMM payload has a 0. 4 Nms (0. 3 ft-lb - sec) component 
of momentum along the X axis when the compensation motor is not on. 

■ This, of course, is an abnormal condition. When the compensation motor 
is on it cancels all but 0.02 Nms (0. 015 ft -lb -sec) of this momentum. 
Using a 5. 4 Nms (4 ft-lb-seo) pitch wheel results in a yaw error of 
0. 075 rad (4. 3 deg) uncompensated, and 3. 5 m rad (0.2 deg) compensated. 

The specification requires that attitude measurements during 
fine control must be known to 8, 7 m rad (jh 0. 5 deg) about pitch and roll 
and + 35 m rad (+ 2. 0 deg) about yaw. The scanning earth sensor must 
provide the roll and pitch attitudes within this accuracy which should include 
alignment errors, null offsets, and random noise. While yaw has no 
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reference source available directly, the vehicle bias momentum will hold 
it within 35 m rad (2 deg) of null during normal operation. 

The total SC complement of equipment is given in Table A-4. 


Table A-4 SC Component-p. HQ MM 


Item 

Accuracy 

Comment 

Spinning Svin Sensor 

90 rpm, + 0. 5 rpm 

Trrad (180 deg) FOV 

Yaw Rate Gyro 

,0.35 rad/s (20 deg/sec) + 
0.3 m rad/s (0.pl6 deg/sec) 

Must withstand 
9.4 rad/s (540 deg/sec) 

Coarse Sun Sensor 

4 tt steradian, 

.+ 0. 09 . rad (+ 5 deg) 

. 

Earth Sensor 

0.79 rad (45 deg)scan cone, 
■*6 m rad (+ 0. 35 deg)’ 


Wheel 

5. 4 Nms (4 ft - lb -sec ) 
nominal 

+ 10% speed variation 
for pitch control 


The thrusters required for HCMM include eight 4- lb thrusters 
for despin, acquisition, wheel unloading, and delta V plus two 0. 44 N (0. 1 - 
lb) thrusters for fine pointing. 

The fuel budget for HCMM includes the despin, an acquisition, 
four worst case re acquisitions, 70 m/s (230 ft/sec) total delta V, and one 
year of fine control using roll/yaw thrusters. The fuel required for this 
mission is cal ciliated assuming a 152 kg (335 lb) spacecraft and a 0. 3 m 
(1 ft) thruster moment arm. Acquisitions and re acquisitions require that 
6, 8 Nms (5 ft “lb -sec ) of momentum be processed 1, 57 rad (90 deg) and 
zeroed. The results are shown in Table A-5. 
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Table A -5 HCMM Fuel Budget 


Events 

Impulse Ns (lb sec) 

Despin 

370 (83. 3) 

Acquisition 

57 (12. 8) 

Re acquisition 

229 (51. 4) 

Delta V 

10644 (2393.) 

Fine Point 

7001 (1574. ) 

Margin 

1870 (420.5) 

T otal 

.... _ 20172 (4535.) 


A3. 2 Modifications for the SAGE Mission 

The mass properties for the SAGE mission are given in Table 
A-6. They are delivered for a configuration which includes four sun 
pointing solar arrays. 

Table A-6 SAGE Mass Pr.operties 


Vehicle 

Configuration 

2 ’ 2 

Vehicle Inertia, kgms (slug ft ) 


I 

I 

I 


X 

y 

z 

Array Stowed 

2.4 (17.5) 

2.5 (18.0) 

1,2 (8.8) 

Array Deployed 

4. 0 (28. 7) 

4. 0 (29. 1) 

4. 4 (32. i) 
• ^ ♦ 


Weight =161 kg (354 lb) 
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The disturbance torques for SAGE are due to magnetic dipole 

3 

and aerodynamic forces. The dipole moment is 100 pole cm producing 
peak torques of 6. 2 Nm (4. 6 ft -lb) at the earth's pole and 3, 1 [i.Nm 
(2. 3 p ft -lb) at the equator. The aerodynamic torques are on the order 
of 2, 7 pNm (2 p ft - lb ). Then worst case torques are 8. 9 pNm (6. 6 pft - lb) 
in magnitude. There are a few negligible sources of residual angular 
momentum that are ignored in the following. 

The vee wheel configuration suggested for SAGE, as described 
in Reference 17 has a momentum bias along the body Y axis provided by 
two reaction wheels. The wheels, mounted at an angle relative to the 
X-Y plane, each have a component along the Z axis that cancels when the 
wheels are at identical speeds. Then identical variations in wheel speeds 
control pitch attitude while differential variations control roll attitude. 

This method of control is used for fine pointing while thruster control is 
used to acquire and reacquire the earth. 

The use of two scanning earth sensors also elirninates errors 
in roll due to altitude variations. This is important for SAGE since it has 
no orbit correction capability. 

The disturbance torques for SAGE are much smaller than those 
of HCMM. As a result, the yaw error can be held to 4, 3 m rad {0. 25 deg) 
with a pitch momentum bias of 1 Nms {0. 75 ft - lb -sec ) from each wheel. 

A 0. 035 rad (2 deg) control authority can be attained about roll by canting 

i 

the wheels 0. 35 rad (20 deg). This maximum authority coincides with one 
wheel 10 percent fast, the other 10 percent slow. This cant angle can be 
increased' by up to 0. 17 rad (10 deg) if need be, to clear body structure from 
the FOV of the scan wheel. 

The disturbance torques have both inertially -fixed and body-fixed 
components. The body-fixed components require that some form of wheel 
momentum unloading be available along both the pitch and yaw axes. 

During periods of unloading, the thrusters are used to transfer momentum 
from the wheels creating body transients. Rate requirements are not met 
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during' unloading but are easily met for the remainder of the fine pointing 
portion of the mission. 

The remainder of the mission SC equipment is the same as that 
required by HCMM. These are listed in Table A-7. 

Table A-7 SC Component - SAGE 


Item 

Range and Accuracy 

Comment 

Spinning Sun' Sensor 

90 rpm, +0.5 rpm 

rad (180 deg) FOV 

Yaw Rate Gyro 

0.35 rad/s (20 deg/sec) + 
0.3 m rad/s (0.0167 deg/ sec) 

Must withstand 
9.4 rad/s (540 deg/s) 

Earth Sensor 

0.79 rad (45 deg) scan cone, 
+ 6. 1 m rad (+ 0.35 deg) 

- 

Wheels 

1. 0 Nm (0. 75 ft - lb-sec) 
nominal 

+ 10% speed variation 
for pitch and roll 
control 


The thrusters required for SAGE are two on each of the three 
axes for use in despin, earth acquisition, and momentum unloading. This 
mission does not require any orbit corrections. The resiilting fuel budget 
is listed in Table A-8. 


Table A-8 SAGE Fuel Budget 


Events 

Impulse - Ns (lb - sec) 

Despin 

389 (87. 5) 

Acquisition 

57 (12. 8) 

Reacquisition 

229 (51.4) 

Momentum Unloading 

1001 (225. ) 

Margin 

179 (40. 3) 

Total 

1855 (417. ) 
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A. 4 CONCLUSION AND RECOMMENDATIONS 

An acquisition sequence and a set of SC components have been 
proposed for both HCMM and SAGE missions. These components, when 
incorporated with a properly programmed control electronics computer, 
will meet the specifications iii the Reference 11 document. The list of SC 
equipment for HCMM is given in Table A-4, while Table A- 7 contains a 
list of ecjuipment for the SAGE mission. 

The HCMM vehicle can be controlled by ten thrusters; eight 4. 4 N 
(1 Ibf) for roll, pitch torque and delta Y, and two 0.4 N {0.1 Ibf) for roll/yaw 
torque during fine pointing. The SAGE vehicle can be controlled by six 
thrusters; two 4.4 N (1 Ibf) thrusters on each axis. SAGE has no delta V 
requirements. For SAGE, fine pointing in roll/yaw is controlled using a 
momentum component from the two canted momentum bias wheels. 

The approach used to' define these sets of mission equipment ' 
was to consider the two missions separately. If the base module is to be 
used interchangeably for both HCMM and SAGE, then the SAGE system 
could be modified by using larger wheels to meet the HCMM requirements. 
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APPENDIX B 


DATA BASE 


This appendix contains the data base that was used for the 

SDCM and SCM computer programs. The data base printout relates the 
computer code to the catalog index number, and provides a few of the 
component attributes for a quick "look up. " 

B. 1 Stability and Control Subsystem 

B. Z Auxiliary Propulsion Subsystem 

B. 3 Electrical Power Subsystem 

B. 4 Communication Subsystem 

B. 5 Data Handling Subsystem 
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APPENDIX C 


An example SDCM printout of the Solar Maximum Mission 
(SMM), design case number 5. 


C-l 




SM'1 

■■StS.TF4 , _ p| . SCR IPTTO iL. - jlLSl£N.,;liJ.l6ER 5 * ♦ 

STft3iLIZ 4TiON and COMTHT- 

"OKPIGUKATTO 4 - riASS SX^ULSIOM <U TH f'iTCH 

' .•.oooaccnEG., 

:DNFI5URATJ0N - - COLD GAS 

TOTAL IHPUlSF = 6A2.(LM“SEC) 

DATA PROCESSING AND INSTPU.lGMTATION 
N F I G U H, A T JCH ^_=.,..G£l-LOAL. £ U.xF.0 5 £ 


NOhEl'tTLM KhFEL 


KATE 


0 

1 

IN) 


CO-iPUTEr’ OPExATIO'^S 
CD^l TASLE 

NU-!6E< 3P COiM.ANOS 

j^dBEP. OF _-lAl31-£_vJLME. KU.KuS. 

HAIM PHAMS SAMPLE ^ATt-' 

•^ATN FRAME WOF D LENGTH 
NUMOEiR OP SUPFRAiNES - 


PROCESS Ok 
1260u . (I fS) 


E Nu i ..E E KiNo 


NUNDFR OF WORDS FFR SUMfRA’IE' 
DOMMUNICATIONS 

OOKF.lSURATiO'J - - UNIFIED lInn-COIi: 

^NARY JfMNLT.N!l.jDAT^.J:AT.£_=. _ 

SEPARATE DOWNLINK DATA RATt = 


ON antennas 

.. 256,i;Dt,(.K£:HS) 
0'.0J0(K6FS) 


DATA 

126. 

2Eo, 

125. 

6 . 

9. 

.125C, 

126. . 


HISSJJN EQUIiNENT OATm 

3. 

0. 

0. 

J « 

G • 

3 . L uO L 

0. 


ELECTRICAL POM^R 

Z^-^SERIES LOAD REGULATION - PADDLE t;OUNTEO 

5 , 7 5 { HAT.TS ) 

TOiAL SOuAR ARRAY A-’i_A = li C. 05 ( FT* *2> 

YEHICL'- CAPACITY= 1 l.S 5 { AHP -HR) 

O-ONFiS-JPAtTO j 


SOL An ARFav 


- R O X 

cn.1rihtMT^i?d^ l aunch" 'WEIGHT = ■■■ 
fQ:n?^tNT RAY LEFtGTH 42. 05 <JN), HEIGHT 

MlNii.ONiQdIP.lcNT LENbTH 72 . 0 0 ( IN) ,H EiC HT 

XQI^.SATFLL13XJLEkG.TJH JLlttaJlS.il kJ _I _ 

FCMc'JTS OF J.NFRT1A I SLUGS *F 2) IXX = "'~55hls ±\v = 


2b66.38{L3S) 

42.1iaN) tWxOTH 
bO.OO (IN ) f WIDTH 


2972111.6 122= 


^Z.IKIN) 
6G. OO(IN) 

4567g60. 0 




a 

I 

U) 


SA--TY 

. ^DHEISUPAIIOi.-, .-.SLMGLE SVSTE;; 

.‘•.EfiN MISSION' OiJPATIOn 
rv£L I '\yiLlTr 
MSStON LIf-’ETIMf 

:G5IS. A.S£_JL;i .UOLLARSJ 

UESIbS ENGIMEERIMS 
TEST AhO evaluation 

TOOL£NG.-AMa...T.£.S.T. £.aUIK-l£NT 

OUALjry CUNTtOL 

SYSTEMS E‘JST^EE'?iN& AN'3 iNieSR AT 1 Oh 
fRJGTAM ’lANAStMEHT 

O') ST nATr.",''. -:y .. 

S=»ACCGUAFT 36«6i>66’.’.6 

WISSION EOUIPHENT ii.D 

TOTAL PAYLOAO 3o86'566 7.6 

QUAl^jlE.iCAIIDN UMl.T^_ Ib52i.-tk'1^5 
f *S . F- 9‘5 76i8 5.4 

LAu'-.H SUP-'OPT 

CO"' r ■.AC'’Of;. "EF . 7il. t 

r nOG..A.iT. totals c:j512co4.l 

SCHEDU.E 


IJ , 1 (.)U) 

. o 2 -5 

12.2 (HO J 


ODT 4c 

15712 U 10.3 
10‘t225S6 ,i 
O.C 

1 o 8 -♦ 1 . b 
7o 42 u 59 » 2 
31938 10.2 


UKxT FNblNEEK AHo 
UNIT FRU0UCTI(;M 
TUQlING and TcST 


lNVESTu-i£NT 
10521443, 8 
Q.Q 

16521440.0 


QUALITY 
SYSTFliS 
PkOSP AM 


Cl < NT''mjl ^ 

t|iV7. AlVtj 

HA NAG lF.l 


INVESTMENT (^FCUKRlNG)' 


L.QU IP. 

-NT. 

NT 

UPEixATlONS 


4712661.1 

6764226. 5 

0.0 

1017681. 6 
2996181 .*. 

1030690. 1 


11 50 50(1 .‘9 
17o77 94-1. -Z 


64 lotO • 8 
4 A914. 9 
6c 6555.6 



SMM 

SUBSt-5.r£± 


.JESCRIi^TXUNS-, ^ -■■DES TPf'j 5 _*_* 


O 

J 


ST4 31Li,ZAriON AND C0 NTr5l 

" •• IASS EXPULSION WITH PITCH 

WEISHT 39'.7 0(L53), \/0LU'f1E 

ntS. ENG, COST 27(»020a..0 

UNIT PKOO.COST 8122^1.5 

lEL lA aLLIUf_ -u^Zbo 

fllDfli-lARY FKOOULSION 

SOiNFIGiJRATiOvI - - COLO GAS 

11 UX£-ME!j T. C 0 n E X 0 r N T . f ; r 

E3UIFMENT UUANTrriES 12 4 

WEIGHT^ ll4,49tLa>f VOLUME 

ORY WtiGHT 105.62 (L&S) , EXPtN 

.. :^£S.^..p.G.,..CQ3J ... 735TSZ^b . 

UNIT PK- DO. COST 425 706.1 

^£Lpr(ILI7V ...3377 

1 E'.R L 


■’lOMENTUN WHEEL 
9 


i. 


1.&5(FT»»3), POWER REQUIREMENT 
TEST + i\lAL. COST 1124420.0 

UNIT ENG. COST 725315.6 


l‘,1.7(WATT) 


kiZ .3.313.. .b.u2L....ZDl_. 

9 1111 

4'*7E<p*»3), POWER REQUikEMENT 
cable weight li3,86<ueS) 

-Tpi .,+ pAL, .CQS.T. -...{f92919.,.l . 

Uf>iiT ENo, COST -♦8o34E,D 


0,0(WATT) 



E3ui?.'tr:NT 


QUANTITIES 
Jsl£I5HT 




■ i. 'Ei'*G. 

UNIT P'FOO. COST 
.iELlAOiLiry 
,..jLe3R_ i 


RU C£ SS 0 R 
330 JfO 
2 11 



COST jgOOTSil.O 
2135 s21. 3 ■ 

35 10 


.. JB01iER..REflUiR.£jfeE.ll.T_.. 

TEST + EVAL. COST 257679C.0 

UNIT ENG. COST 1576755.5 


.iZU-dlHATT) 



o 

Ui 


CO'i'iUNicaTin ‘is 

.JJ>iI£lED..UQlKrCuM.'lON AMTEAN AS 


rTUI^ii.-IT CO'IE IDc>jriFI£^ 112 203. 33b 

£ JUIc,-ii;|T OUA.'iTITitS 2 11 

^lfI3HT 26.2b(l.i), VOLJ’-'E 

n£.S « COS T D 

UNIT F^;OD. COST 23859‘5.3 

•cELlASlLI.ry ,91.91 

n 

FL = CT9rcAL r-nw:- 9 

0^^!FI3!^■<ATiJ'^• - - SEP ICS lGAD '^ECULATIu'-J 
EOUIPM^MT 30.1F I QE.M T I Fi E-< 612 221 :)02 

fOUiP-llNT QUAMTiriES 2 2 2 

MELldl tlj . b7 tL3) ^ VOi.U!E 

HARNESS WEIGHT li.^.2(lOS> 

O'^S. EHG, COST 3671197. 

UNIT FROO.COST 227’ 79 »3. 6 

ftFl TAftTMTY .9939 

MISSIO'J EQUIPIENT 

NEICHT 1379.01? (LH), 'yOL'JHE 

OOr+F COST G.O 

RSL1 A6IL1T Y 1 . a COO 

SCHEDULE 

COMPONE-JT OEyELOPHcNT Tl'it 
SUOSYSTEU OEVELUF.'IENT TIME 
SY STF.i OFvrLOPHFN T ANQ FLiiiii 


^03 3 J 3 vlo 

111 

. 32 (Fr»» 3 ), POWER aQUx’tLi-fcNT 
/i.ST ♦: EYaL. cost ■,j 2 'jOD.& 

UNIT ENG. COST 9o3l7,3 


- PADOlE NOUNTEO SOlAk APPAV 
IGO 3 1 10 2 
1 1 

1. tl (FT-^*3} , PUWtK .vECJIsE.-ENT 
SOLAR ARfAY WEIGHT loS.^ILSS) 

TEST + EVAL. COST 39o0530.7 

UNIT ENG. COST i01H39.t 


J ir.7b (FT*^^3) , FOWFi- <CQUi<Ei'-EMT 
AVERAGE UNIT CGSI J. 0 


0.0 LiONTHl lO iPONENT GUALiF J.v.ATiUiN TI'iE 
O.O(NCNTH) SUGStSTEH GUA Lxr aCAT ioN TIME 
.KEAOIliESS THE O.OIHCKI.O 


3 G. 4 IWATn 


596.7(HATT) 


174.0 (WATT) 

0. 0 (rlONTH) 

Q. O(hONTH) 





T H^^ HflL^CONTROL 




HEATFK POKE''? 
R1R.E 


a5iL»H jTU/HR) , 


^.^ER^tAL 


CONTRDL 
0£S* ENG* 
UNIT 


ST^JCTJj^F?: 

KIN THICKNESS 
TKINSEK MO. ^ 

!: 


bATTfcRT KADIATOk AREA 
total rad i a Tor area 
BATTERY hEATEX POWER 
, , , TOTAL HEA TEa POW:iX 

^ ^ ^ Ilrl LU ■ y.AIJ:.ABLE £QNIUCTANCE H 

WEIGHT 8.i5(U8S) 

COST 5J0790 .3 

PROO.COST 72319.6 

ULlLi^JU: 


.7 (PT*^2) 
12.6 (FT'^'^ 2 ) 
53. i (BTU/riK) 
•JO.- (MTU/H'-O 
laas.Ki-ArT-iN) 


.i£.. 


.023 (IH) 


10. .THICKNESS, HT, 

iil^JlXCKilLSitiir.. 

THICKNESS- FORWARD 


NDC 3 7 ER THI: 

QUIPMENT 3AY STRUCTURE WT. 
OLAR ARRAY DOOM A NO DRIVE 
ADAPTF^ WEIGHT 


6 >?. 
, _._1 j. 
.282 


MT 


UNIT 


ENG. COST 
PROO. GOST 


sD'tiii/.a 

601846 .6 


TEST 

<■ EVAL. COST 


2fll5o8. ) 



UNIT 

ENG. COST 


lUoJAa.l 




.156 

CI.4) 

r 

1.71 j 

(I 'ii 

(1 N) )' C EN TER 

. . : . . ,1.9b2 

(IN) 

) 

.685 

(IN) 

.53 8 

(I|J) 

, AFT 

.282 

(IN) 

9 <L3SJ 
2 (L8S) 

, Q. ll 3SJ 








TEST 

♦ cVAL. COST 


16 1 .(A9A .0 



UNIT 

ENG. COST 


7a7490i 3 






ASSElMBLY DgS Cr:ir» TIOrg£, - - 0£SIGN MU;IBPR 5...-^ 
ZATION And CQ‘'<TR0L 

UUIT UNIT UNIT 

lOENT TYPE NO. -JcIGriT y/jLUMt. FOULR 

_.i oJli_ Af 4- A/ g DPIV rR. ASS t 1 JL. c 2 . 1 . Q 

2203 CONT'5-OL ELECTTNCS 2 7.1 .1 62. G 

1K15 EA.vTh SEMSDR 1 1=.^. .3 15.6 


130:} FgACTlON W-1EEL I fi.5 .1 l.i 


AUXILIARY rVCPJLSIOM 

UNIT UNIT UNIT 

... IliiAil- MO* IW£IOHT„i/DLU.‘ti: 

114 T*T-*USTFR 12 ,7 .0 0.0 

11'4 THRUSTER' 4 .7 .0 u.G 

203 ISOLATION v/ALVE 4 6.0 ■ .b 0.0 

_ _ 3 ILi...EiLJlE=. 9 ... .0 .0 -Q.D 

413 T r-FSSUKE ;''£G 1 . 6,-j .2 - 0.0 

530 tank 1 50 . G 2.0 -G.U 

603 fill «• v'gNT VALVE 1 .1 .0 - 0.0 

7 i_L..‘'.ELLLEr..VjdLi.E ±. . , .2 .L- -^.u 

DATA P^^CESSI■MC• AND INST.RUNENTA TION 

.. Mliir .... UI 4 I.T ....UMI.I 

IOEnT TYi^E Nb. NEIbHT VULUnE POWER 

1 ;j 5 get '^U'TF j_ 5 , l 

203 UIGI^AL TELEtETRY 1 6.9 .2 3.0 

3.3 1 TA -^ F RFQ JRD.ee. J... . . 2 JLl.iL._ . 5 .. , 14.5 

^ 406 CO'^HD OECDD+OISTR 1 11.0 .1 5.5 


IDENT TYt^E NO. WFlGnT VJlU/IE P'jUcR 

11? EASESNO ASSY j vj T 2 4 .l .J 3.J 

2 03 1 10 . 4 . . . i. .. .- 0 . U 

336 rRANSMlTTE'< 1 2.5 .0 70 .0 

403 KFDEIVER 1 2.3 5.5 

503 COilD SIG DONO 1 1.5 .0 .9 


♦ 


D .c. COST 
4OQGQ.0 
DobOO 0 . J 
1961600.0 
82400.0 


T.E. COST 
3D30U.Q 

424600. 0 

611520.0 
58300.0 


VEHICL. 
FnOO. CuiT 
11493,0 
22540 7.4 
54 0 74 6 , 3 
3 w 13 4,3 


VH.liCLt. 
pRuD. COST 
o224 3.1 
3239b . 7 
* 0.0 
0.0 
1103 3. 3 
J . C 
0.0 


VLHIGL t 
C.NG COST 
7991 . 7 
304911.3 
395949,6 
16462,9 


vehicle 
ciTG Cost 
282071.2 - 

10 3604. 9 
O.G 
0.0 
18 780. 5 
0.0 


O.E. COST T.£. COST 
lE3t7o.6 89047.5 

11920 8.8 354'2 7.5 

0.0 0.0 

0.0 0.0 

94000.0 25500.0, 

O.'U O.u 

0.0 0.0 

•i-.^ . . 8.0 


. . - Vehicle vehicle 

O.E. COST T.E. COST PRjO. COST ENG COST 

275i25v.-L' 17i.GCOc.L- 1344666, t 1333387.7 

188400. 0 Il. 9290,0 lOcifcC.i 37241.4 

508000.0 385000.0 4j9721.0 101494.8 

52370L.0 3225UU.I 224c.26.9 104631,6 


VEHICLE VEHICLE 

O.E. CCST T.E. COST hRlD. COST ENG COST 

29LcL.ti 9 Li!l.l .jIKc.i 13903.2 

2725D0.0 . 25b20Q.D s2293.3 54443.6 

35500>0 , 32500.0 79301.9 7092.6 

582LL.L 11945u.C 33559.6 11627.9 

3oOaO.O 27000.0 28732.6 7192.5 

.... 1280.0. a 870.0.0 .._11603.0. 2557,3 



EL£':TRrCAl P.Ow.ER 


lOE'i 
£12 
?2L 
3Q1 
to a 3 
110? 


REG 


T T'V'RE 
SE-^IES X'OAn 
f'-AT ■> tlRY 

. -EATTF RY r.f»l RGFR 

■ 50-AR POWER .GSTR’e 
POWER COWTROl 




UH1.T UNIT 

UNIT . 

"■J 0.. 

WEIGHT •V.OL'JHE 

POWER 

•2 

•23, ..5 , ,..5 

-0..0 

2 

■;2'6 . 0 ..1 

-.0.0 

—2.. 

E..E .1.,, 


11 


-a . 0 

•1 


-ovo 


U..E. COST 
0,. Q 
9'«564b.o 

UA- C.i 

u.. 0 
0..0 


T.E* COST 

0.0 

2132820.0 

J.I.U. 

O-.O 

0..0 


- . VEHICLE.... 
>^ROO. COST 
0.0 

8y 3o99. 

... 1* C 

0.0 
0.0 


. . .VEHICLE... 
EHG COST 
0.0 
4?7333.2 

U.ii. , 

0.0 

0.0 


a 

I 

00 


EOOI-^’^.EnTS U-SIN3 .C9ET'ES;T'IiiAT'iN& •F'EiAfj.Oi'lS'Hl-PS' 


NAXE 

SOIAE. 


•array 


5T^j:CT.JrE 
= Ok£.=- CJ'-!Ti:'0.l 


UM.TT! 


WEIGHT 

J.E5.. -4 , 


HARMESS 11 4,., 2 

T HER HAL .COWTROL -J 

■p.OTE-'R ;C0NV:ERtER'.5 .0,. 0 

= tOP.Ui;SXQJl_ -E££D_ .SYS. 


■39..1 
55 .; 7 


O..E. -COST 

33S0JHL..J 

;580i&0..8 
530 7 90-.3 
O-.O 

.. 4lfl8 7.i.l. 
^3.t>+1117.a 
117-40 4 OO-.l 


T,.E. COST 

■ ■ ■■ .E 

*♦79622.7 

201583.7 

o..a 

...itEak*..! 
161,349*+. .8 
90 949.8.0 


WE HOLE 

PROD. c»-sr 

. J92E22..il. 
241171,8 
72-319.6 
0..G 

„ .3jlQ.J33»i 
80 1 S-.b . 6 
350 259, .4 


VEHICLE 
ENG. COST 
., 70926.5 
115910.0 
10oO*r8 . 1 
0.0 

, . 8.3688. 3. 
7074 90.3 
347719.6 



APPENDIX D 


LST 


Cost Estimates 


D-1 



D-2 


SPACECRAFT 



DDT+E 


SUBSYSTEM COST 

DESIGN 

TEST AND 

ENGINEERING 

EVALUATION 

STRUCTURE 

12,2 

5.5 

THERMAL CONTROL 

7.0 

2.5 

ELECTRICAL POWER 

23.5 

22,^ 

COMMUNICATIONS 

1.9 

1.9 

DATA HANDLING 

7.8 

5.5 

STABILITY AND CONTROL 

11,2 

7.3 

AUXILIARY PROPULSION 

2.6 

2.1 

SPACECRAFT 
MISSION EQUIPMENT 

66.2 

')7.3 


SATELLITE 

QUALIFICATION UNITCS) 
GSE <A6EI 

LAUNCH SITE SUPPORT 
CONTRACTOR FEE 


TOTAL SATELLITE 


AVERAGE UNIT COST 


TOTAL SATELLITE OOT+E AND 
RECURRING COST 


MODEL 


DOLLARS) 


TOTAL 

PRODUCTION 

-RECURRING 

FAB AND 

TOTAL 

RDT+E 

ENGINEERING 

ASSEMBLY 

RECURRING 


17,7 

0.0 

A. 3 

A, 3 

9,5 

0.0 

1.2 

1.2 

^5.9 

7.9 

lA.O 

21.8 

3,9 

,5 

l.A 

1.9 

13,3 

1.5 

5.7 

7.2 

18.5 

9.7 

11.3 

20.9 

A. 7 

1.7 

1.2 

2.9 

113.5 

21.2 

39.2 

60. A 

250.0 



100.0 

363.5 



160.3 

0.0 




19.3 







1.1 

9.3 



A. 3 

392,1 



165.8 


165.7 


557.9 



LST BASELIME 


♦ ♦ * ♦ ASSEMBLY OESCRIPTIONS * ♦ ♦ ♦ 
STABILIZATION AND CONTROL 


IDENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

O.E. COST 

T.E. COST 

VEHICLE 
PROD, COST 

VEHICLE 
ENG. COST 

209 VALVE DRIVER 

24 

X • 8 

.1 

35,2 

242824.7 

314722.5 

410364.5 

891390,1 

306 SUN Sensor 

5 

.2 

.0 

0.0 

144934.2 

231078.7 

168193.4 

171418.4 

603 GIMBAL ELECTRONCS 

2 

6.3 

.3 

31.6 

0.0 

0,0 

0.0 

0.0 

1733 RATE INTEGR GYRO 

3 

13.0 

.1 

12.0 

1202337.6 

1103308.6 

645001.8 

646135^4 

1901 CONTROL ELECT. 

2 

10.3 

1.0 

26.5 

1172070.0 

752440.0 

465651.4 

466342.6 

2006 CTRL MOMENT GYRO 

4 

170.0 

6.0 

30.6 

2694000.0 

2170500.0 

5986959,2 

2774834,7 

2109 STAR SENSOR 

3 

11.8 

• 5 

8.0 

1681386.0 

558296,0 

497237,8 

1183261.8 

AUXILIARY PROPULSION 
lOENT. TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

D.E. COST 

-T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

133 IHRUSTER 

12 

1.4 

.0 

0.0 

336434,7 

659137i4 

224940il 

786360,7 

212 ISOLATION VALVE 

8 

■3.3 

.0 

0.0 

0.0 

0.0 

0,0 

0.0 

312 FILTER 

1 

.3 

.0 

-0.0 

' 0.0 

0.0 

0,0 

0.0 

418 PRESSURE REGULATR 

2 

4.1 

.1 

-0.0 

740502.2, 

307487.5. 

156325.8 

295894,2 

624 I ANK 

2 

21.6 

1.4 

-0.0 

0.0 

0,0 

0.0 

0,0 

609 FILL ♦ DRAIN VALV 

1 

. ;.2 

.0 

-0,0 

0,0 

• 0.0 

0.0 

0,0 

DATA PROCESSING -AND INSTRUMENTATION 

UNIT • 

IDENT TYPE NO. WEIGHT 

1 

UNIT 

VOLUME 

- UNIT 
POWER 

D.E. COST 

T.E, COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

109 GEN PURP PRDCESR 

1 

15.0 

.1 

20.0 

2676950,0 . 

1664050.0 

1847819, 0 

0.0 

230 DIGITAL TELEMETRY 

2 

5.0 

.0 

14.0 

183045.5 

181453.8 

207547.5 

73142.4 - 

312 TAPE RECORDER ' ■ 

2 

11.0 

.2 

4.0 

• 483298.0 

392137,0 

947933,2 

193119,0 

345 TAPE RECORDER 

2 - 

16.8 

.4- 

25.0 

648545,4 

499359.7 

245464.8 

259149,6 

424 COMMAND DIST UNIT 

2 

19;i 

• 7 . 

4,6 

1141339.3 

1121960.4 

914672.4 

456063*1 

COMMUNICATIONS 
IDENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

O.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

103 BASEBND ASSY UNIT 

1 

2.0 

.0 

.5 

41384,2 

12733,6 

29749.9 

0.0 

202 ANI ENNA 

1 

8.4 

.7 

-0.0 

348292,9 

319352.9 

74467.1 

0.0 

221 ANTENNA 

2 

5.8 

.2 

-0,0 

260460.0 

221391.0 

106434.6 

104076,1 

239 ANTENNA 

2 

2.1 

.0 

-0.0 

150486.0 

115760.0 

38249.9 

60132,9 

309 TRANSMITTER 

2 

1.8 

.0 

8.6 

27058.9 

31544,6 

109760,7 

10812, 4 

324 TRANSMITTER 

2 

7.5 

.2 

37.5 

162064.0 

95502.0 

139695.4 

64753.5 

351 transmitter 

2 

1.9 . 

.2 

52.0 

39069.0 

39069.0 

256108,3 

15611.4 

415 RECEIVER 

2 

3.9 

.1 

3.0 

107946.2 

244253.6 

115415.0 

43133.8 

418 RECEIVER 

2 

4,2 

.1 

2.0 

109972.0 

247437,0 

116412.8 

43943.3 

618 DIPLEXER 

2 

1.5 

,0 

-0.0 

20605.3 

21401.1 

33593.4 

8233.6 

714 POWER CONVERTER 

24 

12.1 

.3 

29.2 

0.0 

0.0 

0.0 

0.0 



D-4 


ELECTRICAL POWER 


IDENT TYPE 

UNIT 

NO. WEIGHT 

UNIT UNIT 

VOLUME POWER 

O.E, COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

2A2 BATTERY 

6 73.9 

.1 -0.0 

3728291.1 

8293559.0 

3266019.8 

5161992.5 

303 BATTERY CHARGER 

6 3.5 

.1 -0.0 

0.0 

0.0 

0.0 

0,0 

902 BATTERY CHARGER 

6 3.0 

.1 -0.0 

0.0 

0.0 

0.0 

0.0 

EQUIPMENTS USING COST 
NAME 

ESTIMATING RELATIONSHIPS 
WEIGHT 

O.'E. COST 

T.E, COST 

VEHICLE 
PROD, COST 

VEHICLE 
ENG, COST 

SOLAR ARRAY 

820.0 


1719809.2 

1912959.9 

2591551.6 

0.0 

HARNESS 

985.0 


3917703.0 

2997653.7 

1930387,7 

0.0 

THERMAL CONTROL 

300.0 


9575811.1 

1737802.7 

876739.1 

0.0 

POWER CONVERTERS 

, 290. A 


9032336.5 

2368759.2 

1805767.8 

0.0 

PROPULSION FEED SYS. 
STRUCTURE 

2976.0 


693679.1 

7979919.5 

509212.9 

3897158.6 

990059.8 

3090258.2 

0.0 

0.0 

POWER CONTROL UNITS 

38.7 


2039393.6 

1179612.3 

527078.5 

0,0 



SPACECRAFT 



STRUCTURE 

12*2 

5.5 

THERMAL CONTROL 

7.0 

2.5 

ELECTRICAL POWER 

11.7 

a.i 

COMMUNICATIONS 

.9 

1.1 

DATA HANDLING 

4.2 

3.1 

STABILITY AND CONTROL 

2.9 

2.1 

AUXILIARY PROPULSION 

1.5 

.9 

SPACECRAFT 

40.4 

23.3 


MISSION EQUIPMENT 


SATELLITE 

QUALIFICATION UNIT(S) 
6SE (AGE) 

LAUNCH SITE SUPPORT 
CONTRACTOR FEE 

TOTAL SATELLITE 


AVERAGE UNIT COST 


TOTAL SATELLITE DOT*E AND 
RECURRING COST 


MODEL 


-EPl) 

DOLLARS) 




-RECURRING 


TOTAL 

PRODUCTION 

FAB AND 

TOTAL 

RDT+E 

ENGINEERING 

ASSEMBLY 

RECURRING 


17.7 

0.0 

4.3 

4.3 

9.5 

0.0 

1.2 

1.2 

19.8 

2.7 

12.4 

15.1 

2.0 

.4 

1.0 

1.4 

7.3 

2.1 

4.3 

6.4 

5.0 

4.4 

7.6 

12.0 

2.5 

.7 

1.0 

1.7 

63.7 

10,3 

31.9 

42.3 

250*0 



100.0 

326*4 



142.2 

0.0 




13.7 







.9 

6.3 



3.0 

346,5 



146.2 


1 ^ 6.1 


492.7 



LO COST (CMG-EPl) 


♦ ♦ ♦ * ASSEMBLY DESCRIPTIONS ♦ ♦ K ♦ 
STABILIZATION AND CONTROL 


IDENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

209 

VALVE DRIVER 

2A 

1.8 

.1 

35.2 

306 

SUN SENSOR 

5 

.2 

• 0 

0.0 

503 

GIMBAL ELECTRONCS 

2 

6.3 

.3 

31.6 

1733 

RATE INTE6R GYRO 

3 

13.0 

.1 

12.0 

1901 

CONTROL ELECT. 

2 

10.3 

1.0 

26.5 

2006 

CTRL MOMENT GYRO 

A 

170,0 

6.0 

30.6 

2109 

STAR SENSOR 

3 

11.8 

.5 

8.0 

AUXILIARY PROPULSION 
IDENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

133 

THRUSTER 

12 

1.4 

.0 

0.0 

212 

ISOLATION VALVE 

8 

3.3 

.0 

0.0 

312 

FILTER 

1 

.3 

• 0 

-0.0 

A18 

PRESSURE REGULATR 

2 

4.1 

.1 

-0,0 

52<r 

TANK 

2 

21.6 

1.4 

-0,0 

609 

FILL + DRAIN VALV 

1 

.2 

• 0 

-0.0 


DATA PROCESSING AND INSTRUMENTATION 


IDENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

109 

GEN PURP PROCESR 

1 

15.0 

.1 

20.0 

230 

DIGITAL TELEMETRY 

2 

5.0 

.0 

14.0 

312 

TAPE RECORDER 

2 

11.0 

.2 

4.0 

345 

TAPE RECORDER 

2 

16.8 

.4 

25.0 

424 

COMMAND GIST UNIT 

2 

19.1 

.7 

4.6 

COMMUNICATIONS 
IDENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

103 

BASEBND ASSY UNIT 

1 

2.0 

• .0 

.5- 

202 

ANTENNA 

1 

8.4 

.7 

-0.0 

221 

ANTENNA 

2 

5.8 

• 2 

-0.0 

239 

ANTENNA 

2 

2.1 

.0 ‘ 

-0.0 

309 

TRANSMITTER 

2 

1.8 

.0 

8.8 

324 

TRANSMITTER 

2 

7.5 

.2 

37,5 

351 

TRANSMITTER 

2 

1.9 

.2 

52.0 

415 

RECEIVER 

2 

3.9 

,1 

3.0 

418 

RECEIVER 

2 

4.2 

.1 

2.0 

618 

DIPLEXER 

2 

1.5 

• 0 

-0.0 

714 

POWER CONVERTER 

24 

12.1 

.3 

29.2 


O.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG, COST 

121412.3 

157361.3 

268618.3 

228885.6 

0.0 

0.0 

110096.8 

63840.2 

0.0 

0.0 

0.0 

0.0 

601168.8 

551654,3 

422208.2 

413383.7 

1172070,0 

752440,0 

465651.4 

468342.6 

0.0 

0.0 

3918971.0 

1143986,2 

0.0 

0.0 

325484.2 

578088.6 

D.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG, COST 

0.0 

0.0 

147242.3 

226532.8 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0. 

0.0 ■ 

0.0 

370251.1 

153743,8 

102328.5 

209145,8 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


O.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

1338475.0 

832025.0 

• 1209553,8 

540211.0 

183045.5 

181453.8 

207547.5 

73142.4 

0.0 

0.0 

620502.4 

136501.6 

64854.5 

49936.0 

160677.5 

183173.7 

1141339,3 

1121960.4 

914672;4 

456063.1 




VEHICLE 

VEHICLE 

D.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

0.0 

0.0 

19473.8 

8351.4 

348292,9 

319352,9 

74467.1 

0.0 

65115.0 

55347.8 

69670.4 

73563,7 

0.0 

0.0 

25037.8 

42503.5 

2705.9 

3154.5 

71847.6 

7642,5 

0.0 

0.0 

91442.5 

45773.0 

3906.9 

3906.9 

167644,5 

11034.6 

107946.2 

244253.6 

115415.0 

43133.8 

54986.0 

123718.5 

76202,1 

31060,2 

20605.3 

21401.1 

33593.4 

8233.6 

0.0 

0.0 

0.0 

0.0 



D-7 


ELECTRICAL POWER 

ident type 
242 BATTERY 
303 BATTERY CHARGER 
902 BATTERY CHARGER 


UNIT UNIT UNIT 
NO. WEIGHT VOLUME POWER 
6 73.9 .1 -0.0 

6 3.5 .1 -0.0 

6 3.0 .1 -0.0 


EOUIPMENTS USING COST ESTIMATING RELATIONSHIPS 


NAME 

WEIGHT 

SOLAR ARRA.Y 

82.0.0 

HARNESS • - 

98 5.0 

THERMAL CONTROL 

300.0 

POWER CONVERTERS 

290.4 

PROPULSION FEED SYS. 


STRUCTURE 

2476.0 

POWER CONTROL UNITS 

38.7 


D.E. COST T.E. COST 

372829.1 324355.9 

0.0 0,0 

0.0 0.0 


VEHICLE VEHICLE 

PROD, COST ENG. COST 
2137882.9 1794057.3 

0.0 0.0 

. 0.0 0,0 


O.E. COST 

T.E. COST 

VEHICLE 

VEHICLE 

PROD, COST 

ENG. COST 

1714809.2 

1412959.9 

2447653.7 

2591551.6 

0.0 

3917703.0 

1930387.7 

0.0 

4575811,1 

1737802.7 

876734.1 

0.0 

403233.7 

236875.4 

1805767.8 

0.0 

643574.1 

504212.9 

490054.8 

0.0 

7979414.5 

3847158.6 

3090258.2 

0.0 

1281636,5 

743155.7 

527078.5 

0.0 



8 -a 


SPACECRAFT 



KQOEL 


f-£PU 

DOLLARS) 


TOTAL 

PRODUCTION 

-RECURRING 

FAB AND 

TOTAL 

RDT+E 

ENGINEERING 

ASSEMBLY 

RECURRING 


17. A 

0.0 

A. 3 

A. 3 

■9.5 

0.0 

1.2 

1.2 

19.8 

2.7 

12. A 

15.1 

2.0 

.A 

1.0 

1. A 

7.3 

2.1 

A. 3 

6. A 

5, A 

3.2 

2.9 

6.0 

2.5 

.7 

1.0 

1,7 

63. 8 

9.1 

27.2 

36.3 

250.0 



100.0 

325. 1 



136.2 

0.0 




13.7 







.8 

6.2 



2.6 

3A5, 1 



139.7 


139.6 


ASA. 8 



OEIGINAIj PAGB'IS 
OF POOR gUAIJElSa 


LO COST (RW-EPl) 


* * * * ASSEMBLY OESCRIPflONS * ♦ * * 


STABILIZATION AND CONTROL 
IDENT TYPE NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

O.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

209 VALVE DRIVER 

2 ^ 

1.8 

.1 

35.2 

121A12.3 

157361.3 

268618.3 

228885.6 

306 SUN SENSOR 

5 

.2 

.0 

0.0 

0.0 

0.0 

110096.8 

63840.2 

503 GIMBAL ELECTRONCS 

2 

6.3 

.3 

31.6 

0.0 

0.0 

0.0 

0.0 

1327 REACTN WHEEL ASSY 

A 

80.6 

2.3 

70.0 

83220.6 

17<»9^2.3 

478114.5 

328967.5 

1733 RATE INTEGR GYRO 

3 

13.0 

.1 

12.0 

601168.8 

551654.3 

422208.2 

413383,7 

1901 CONTROL ELECT. 

2 

10.3 

1.0 

26.5 

1172070.0 

752440.0 

465651.4 

468342.6 

2109 STAR SENSOR 

3 

11.8 

.5 

8.0 

0.0 

0.0 

325484.2 

578038.6 

AUXILIARY PROPULSION 
IDENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

D.E, COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

133 THRUSTER 

12 

1.^ 

.0 

0.0 

0.0 

0.0 

147242.3 

226582.3 

212 ISOLATION VALVE 

8 

3.3 

.0 

0.0 

0.0 

0.0 

0.0 

0.0 

312 FILTER 

1 

.3 

.0 

-0.0 

0.0 

0.0 

0.0 

0,0 

A18 PRESSURE REGULATR 

2 


•1 

-0.0 

370251.1 

153743.8 

102328.5 

209145.8 

52A TANK 

2 

21.6 

l.W 

-0.0 

0.0 

0.0 

.8:8 

0.0 

609 FILL ♦ DRAIN VALV 

1 

.2 

•'o 

-0.0 

0.0 

0.0 

0.0 


DATA PROCESSING AND INSTRUMENTATION 


IDENT TYPE 


UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

NO. 

WEIGHT 

VOLUME 

POWER 

D.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

109 GEN PURP PROCESR 

1 

15.0 

.1 

20.0 

1338475.0 

332025.0 

1209553.8 

540211.0 

230 DIGITAL TELEMETRY 

2 

'5.0 

.0 

14,0 

183045,5 

181453.8 

207547.5 

73142.4 

312 TAPE' RECORDER 

2 

11. 0 

.2 

4.0 

0,0 

0.0 

620502,4 

136501.6 

345 TAPE RECORDER 

2 

16.8 

.4 

25.0 

64854.5 

49936.0 

160677.5 

183173.7 

424 COMMAND OIST UNIT 

2 

19.1 

.7 

4.6 

1141339.3 

1121960.4 

914672.4 

456063.1 

CCMMUNICATIONS 


UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

IDENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

D.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

103 BASEBND ASSY UNIT 

1 

2.0 

.0 

.5 

0.0 

0.0 

19473.8 

8351.4 

202 ANTENNA 

1 

8.4 

.7 

-0,0 

348292.9 

319352.9 

74467,1 

■ 0,0 

221 ANTENNA 

2 

5.8 

.2 

-0.0 

65115,0 

55347.8 

69670.4 

73563,7 

239 ANTENNA 

2 

2.1 

.0 

-0,0 

0.0 

0.0 

25037.8 

42503.5 

309 TRANSMITTER 

2 

1.8 

.0 

8,8 

2705,9 

3154,5 

71847,6 

7642.5 

324 TRANSMITTER 

2 

7.5 

.2 

37,5 

0.0 

0.0 

91442.5 

45773.0 

351 TRANSMITTER 

2 

1.9 

.2 

52.0 

3906,9 

3906,9 

167644.5 

11034.6 

415 RECEIVER 

2 

3.9 

.1 

3,0 

107946.2 

244253.6 

115415,0 

43133.8 

418 RECEIVER 

2 

4.2 

.1 

2.0 

54986.0 

123718.5 

76202.1 

31060.2 

618 DIPLEXER 

2 

1.5 

.0 

-0,0 

20605.3 

21401.1 

33593.4 

8233,6 

714 POWER CONVERTER 

24 

12.1 

.3 

29,2 

0.0 

0.0 

0.0 

0.0 



01 - 


ELECTRICAL POWER 

IDENT TYPE 
2A2 BATTERY 
303 BATTERY CHARGER 
902 BATTERY CHARGER 


UNIT UNIT UNIT 
NO. WEIGHT VOLUME POWER D.E. COST> 

6 73;9 .1 -0.0 372829.1. ■ 

6 3.5 ,1 -0;0 0.0. 

6 3.0 .1 -0.0 0.0 . 


T.E. COST . 
82A355.9 
0.0 

- •' 0.0' . 


VEHICLE 
PROD. COST 
2137882.9' 
0.0 
, 0.0 


VEHICLE 
ENGi COST 
179A057.3 
• 0.0 
0.0 


EOUIPHENTS USING COST ESTIMATING ‘RELATIONSHIPS 

name WEIGHT 

SOLAR ARRAY 820.0 

HARNESS 985.0 

THERMAL CONTROL 300.0 

POWER CONVERTERS 290. A 

PROPULSION FEED SYS. 

STRUCTURE 2A76.0 

POWER CONTROL UNITS 38.7 


D.E. COST 

T.E. COST 

VEHICLE 
PRQO. COST 

VEHICLE 
ENG. COST 

171A809.2 

1A12959.9 

2591551.6 

0.0 

3917703.0 

2AA7653.7 = 

1930387,7 

0.0 

A575811.1 • 

1737802.7 , 

876734,1 

0.0 

A032.33.7 . 

2368 75. ,4 ■ 

1805767<8 

0.0 

6A367A.1. 

504212.9 

490054i8 

0.0 

7853218,5 

3786315,;0 

3090258.2 

0.0 

1281636,5. 

743155. 7v 

5270.78,5 

0.0 




r .MODEL 

-EP2> 

DOLLARS) 


TOTAL 

PRODUCTION 

-RECURRING 

FAB AND 

TOTAL 

RDT+E 

ENGINEERING 

ASSEMBLY 

RECURRING 


17.3 

0.0 

4.3 

4.3 

9,5 

0,0 

1.2 

1.2 

18.0 

2.7 

9.6 

12.4 

2.0 

.4 

1.0 

1.4 

7,3 

2.1 

4.3 

6. 4 

5.0 

4.4 

7.6 

12,0 

2.5 

.7 

1.0 

1.7 

61,6 

10.3 

29.1 

39.5 

250.0 



100.0 

324i3 



139,4 

0,0 




13.4 







.9 

6.1 



- 2.8 

343.8 



143.2 


143.1 


487.0 



-12 


LO COST (CMG-EP2) 


♦ * ♦ ♦ ASSEMBLY OESCRIPTIONS ♦ ♦ * ♦ 


STABILIZATION AND CONTROL 


lO.ENT TYPE 
209 VALVE DRIVER 
306 SUN SENSOR 
503 6IM8AL ELECTRONCS 
1733 RATE INTESR GYRO 
1901 CONTROL ELECT. 
2006 CTRL. MOMENT GYRO 
2109 STAR SENSOR 


AUXILIARY PROPULSION 

IDENT TYPE 
133 THRUSTER 
212 ISOLATION VALVE 
312 FILTER 

918 PRESSURE REGULATR 
529 TANK 

609 FILL+ DRAIN VALV 


UNIT UNIT UNIT 
NO. k'EIGHT VOLUME POWER O.E. COST 


1.6 

.2 

6.3 

13.0 

10.3 

170.0 

11.8 


35.2 

0.0 

31.6 

12.0 


121912.3 

0.0 

0.0 

601168.8 


26.5 1172070.0 

30.8 0.0 

8.0 0.0 


^ UNIT UNIT UNIT 
NO. WEIGHT VOLUME. POWER O.E. COST 


1.9 

3.3 

.3 

9.1. 

21.6 

.2 


0.0 

0.0 

- 0.0 

- 0.0 

- 0.0 

- 0.0 


0.0 

0.0 

0.0 

370251.1 

0.0 

0.0 


T.E. COST 

157361.3 
0.0 
0.0 

551659.3 
752990.0 

0.0 

0.0 


T.E. COST 
0.0 
0.0 
0.0 
153793.8 
0.0 
0.0 


VEHICLE 
PROD. COST 
268618.3 

110096.8 

0.0 

922208.2 

965651.9 
3918971.0 

325989.2 


VEHICLE 
PROD. COST 
197292.3 
0.0 
0.0 
102328.5 
0.0 
0.0 


VEHICLE 
ENG. COST 

228835.6 
63890.2 

0.0 

913383.7 

968392.6 
1193986.2 

578088.6 


VEHICLE 
ENGi COST 

226582.8 
0.0 
0.0 

209195.8 
0.0 
0.0 


DATA processing AND INSTRUMENTATION 

IDENT TYPE NO. WEIGHT \ 

109 GEN PURP PROCESR 1 15.0 

230 DIGITAL TELEMETRY 2 5.0 

312 TAPE RECORDER 2 11.0 

395 TAPE RECORDER 2 Ibls 

929 COMMAND DIST UNIT 2 19.1 


COMMUNICATIONS 

IDENT TYPE 
103 BASEBNO ASSY UNIT 
202 ANTENNA 
221 ANTENNA 
239 ANTENNA 
309 TRANSMITTER 
329 TRANSMITTER 
351 TRANSMITTER 
915 RECEIVER 
918. RECEIVER 
618 DIPLEXER 


UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER O.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

15.0 

.1 

20.0 1338975.0 

832025.0 

1209553.8 

590211,0 

5.0 

.0 

19.0 183095.5 

181953.8 

207597,5 

73192.9 

11.0 

.2 

9.0 0.0 

0.0 

620502.9 

136501.6 

16.8 

• 9 

25.0 69859.5 

99936.0 

160677.5 

183173.7 

19.1 

.7 

9.6 1191339.3 

1121960.9 

919672,9 

956063.1 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER D.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

2.0 

.0 

.5 0.0 

0.0 

19973,8 

8351.9 

8.9 

. 7 

-0.0 398292,9 

319352.9 

74967.1 

0.0 

5.8 

. 2 

-0.0 65115.0 

55397,8 

69670.9 

73563.7 

2.1 

.0 

-0.0 0.0 

0.0 

25037,8 

92503.5 

1.8 

.0 

8,0 2705.9 

3159,5 

71897.6 

7692,5 

7.5 

.2 

37,5 0.0 

0,0 

91992.5 

95773.0 

1.9 

. 2 

52,0 390,6.9 

3906,9 

167699.5 

11039.6 

3.9 

. 1 

3.0 107996.2 

299253.6 

115915.0 

93133.8 

4*2 

• I 

2.0 59986.0 

123718.5 

76202.1 

31060.2 

1«5 

• 0 

-0,0 20605.3 

21901,1 

33593,9 

8233.6 




.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

372829.1 

82A355.9 

2137882.9 

1794057,3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

0,0 


O.E. COST 

T.E. COST 

VEHICLE 
PROD, COST 

VEHICLE 
ENG, COST 

1340383.6 

1193644.7 

2232646. 5 

0.0 

3917703.0 

2447653.7 

1930387.7 

0.0 

4575811.1 

1737802,7 

876734.1 

0.0 

0.0 

0.0 

0,0 

0.0 

643674.1 

504212.9 

490054.8 

0.0 

7703695.7 

3714224.8 

3090258.2 

0.0 

1438156.0 

575326.7 

667515.3 

0.0 
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SPACECRAFT COST MODEL 
LO COST (RW-EP21 



(MILLIONS OF 1975 
D D T 't’ E — - 

DOLLARS » 




SUBSYSTEM COST 

DESIGN TEST AND 

ENGINEERING EVALUATION 

TOTAL 

RDT+E 

PRODUCTION 

ENGINEERING 

—RECURRING”— 
FAB AND 
ASSEMBLY 

TOTAL 

, RECURRING 

STRUCTURE 
THERMAL CONTROL 
ELECTRICAL POWER 
COMMUNICATIONS 
DATA HANDLING < 
STABILITY AND CONTROL 
AUXILIARY PROPULSION 

11.7 5.3 

7.0 2.5 

10.8 7.2 

.9 1.1 

4,2 3.1 

3.0 2.3 

1.5 .9 

. 17.1 
9.5 
• 18iO 
2.0 

7.3 

5.4 

2.5 

0,0 
■ 0.0 
2.7 
, .4 
2.1 
3.2 
.7 

• 4.3 
. 1.2 
9.6 
1.0 
4.3 
2.9 
1.0 

4.3 
1.2 

12.4 

1.4 

6.4 
6.0 
1.7 

SPACECRAFT 
MISSION EQUIPMENT 

39.1 22.5 

61.7 

250.0 

9.1 

24.4 

33.5 

100,0 

SATELLITE 

QUALIFICATION UNIT(S) 
GSE (AGE) 

LAUNCH SITE SUPPORT 
CONTRACTOR FEE 


323.0 

0.0 

13.4 

6.0 



133.4 

.8 

2.4 

TOTAL SATELLITE 


342,4 



136.7 

AVERAGE UNIT COST 





136.6 

TOTAL SATELLITE OOT+E AND 
RECURRING COST 





479.1 



ST -a 


LO COST (RW-EP2) 


♦ ♦ ♦= * ASSEMBLY DESCRIPTIONS ♦ ♦ * * 


STABILIZATION AMO CONTROL 




UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

IDENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

O.E, COST 

T.E. COST 

PROD. COST 

ENG. COST 

209 VALVE DRIVER 

29 

1.8 

.1 

35.2 

121912,3 

157361.3 

268618.3 

228835.6 

306 SUN SENSOR 

5 

.2 

.0 

0,0 

0.0 

0.0 

110096.8 

63890.2 

503 GIMBAL ELECTRONCS 
1327 REACTN WHEEL ASSY 

? 

6.3 

.3 


0.0 

0.0 

0.0 

0,0 

4 

80.6 

2.3 

70.0 

83220.6 

179992.3 

978119.5 

328967.5 

1733 RATE INTEGR GYRO 

3 

13.0 

.1 

12.0 

601168.8 

551659.3 

922208.2 

913383.7 

1901 CONTROL ELECT. 

2 

10.3 

1,0 

26,5 

1172070,0 

752990.0 

965651.9 

968392.6 

2109 STAR SENSOR 

3 

11.6 

.5 

8.0 

0.0 

0.0 

325989.2 

578088.6 

AUXILIARY PROPULSION 









■ ■ 


UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

IDENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

D.E, COST 

T.E. COST 

PROD. COST 

ENG. COST 

133 THRUSTER 

12 

1,9 

.0 

0.0 

O'iO 

0.0 

197292,3 

226532.3 

212 ISOLATION VALVE 

8 

3,3 

.0 

0.0 

0.0 

0.0 

0.0 

0.0 

312 FILTER. 

1 . 

.3 

.0 

-0.0 

0.0 

0.0 

0.0 

0.0 

A16 PRESSURE REGULATR 

2 

' 9,1 

.1 

-0,0 

370251.1 

153793.8 

102328.5 

209195.8 

52A TANK 

2 - 

21.6 

1.9 

-0,0 

OiO 

0.0 

0.0 

0.0 

609 FILL +DRAIN VALV 

1 

.2 

.0 

-0.0 

o;o 

0.0 

0.0 

0.0 

DATA PROCESSING AND INSTRUMENTATION 








UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

IDENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

D.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

109 GEN PURP'-PROCESR 

1 

15,0 

• 1 

20.0 

1338975';0 

832025.0 

1209553.8 

590211.0 

230 DIGITAL TELEMETRY 

■ 2 

5.0 

.0 

19.0 

183095*5 

181953.8 

207597.5 

73192,9 

312 TAPE- RECORDER 

2 

11,0 

.2 

9.0 

O.'iO 

0.0 

620502.9 

136501.6 

395 TAPE RECORDER 

2 

16.8 

.9 

25.0 

69859,5 

99936,0 

160677,5 

183173.7 

A2A COMMAND OIST UNIT 

2 

19.1 

..7 

9.6 

1191339.3 

1121960.9 

919672.9 

956063.1 

OOHHUNIOATIONS 









IDENT TYPE 


UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

NO. 

WEIGHT 

VOLUME 

POWER 

D.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

103 8ASEBND ASSY UNIT 

1 

2.0 

.0 

.5 

OGO 

0.0 

19973,8 

8351.9 

202 ANTENNA 

1 

8.9 

.7 

-0,0 

398292.9 

319352.9 

79967.1 

0.0 

221 ANTENNA 

2 

5,8 

.2 

-0,0 

65115.0 

55397.8 

69670.9 

73563.7 

239 ANTENNA 

2 

2.1 

.0 

-0.0 

0.0 

0.0 

25037,8 

92503.5 

309 TRANSMITTER 

2 

1.8 

.0 

8. 8 

270 5'.' 9 

3159,5 

71897,6 

7692.5 

32A TRANSMITTER 

2 

7,5 

.2 

37.5 

OSO 

0.0 

91992.5 

95773.0 

351 TRANSMITTER 

2 

1.9 

.2 

52.0 

3906;9 

3906.9 

167699,5 

11039.6 

915 RECEIVER 

2 

3.9 

.1 

3.0 

107996.2 

299253.6 

115915.0 

93133.8 

918 RECEIVER 

2 

9.2 

.1 

2.0 

59986.0 

123718.5 

76202,1 

31060.2 

618 DIPLEXER 

2 

1.5 

.0 

-0.0 

20605.3 

21901. 1 

33593.9 

8233.6 
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d 


ELECTRICAL POWER 

IDENT TYPE ' 

ZA2 BATTERY 
303 BATTERY CHARGER 
312 BATTERY CHARGER 
AC6 DISCHGE REGULATOR 
515 SHUNT REGULATOR 
702 POWER CONTROL 


NO, 

6 

6 

6 

6 

10 

1 


UNIT 

UNIT 

UNIT 



WEIGHT 

VOLUME 

POWER 

D.E. COST 

T.E. COST 

73.9 

.1 

-0,0 

372829,1 

824355.9 

3.5 

.1 

-0.0 

0.0 

0.0 

5.0 

.1 

-0.0 

0.0 

0.0 

9.8 

.2 

-0,0 

0,0 

0.0 

2.3 

,0 

-0.0 

0.0 

0.0 

9.4 

.6 

-0.0 

0.0 

0.0 


VEHICLE 
PROD. COST 
2137882.9 
0.0 
0,0 
0.0 
0.0 
0,0 


VEHICLE 
ENG. COST 
1794057.3 
0.0 
0.0 
0.0 
0.0 
0.0 


EQUIPMENTS USING COST E 
NAME 

SOLAR ARRAY 
HARNESS 

THERMAL CONTROL 
POWER CONVERTERS 
PROPULSION FEED SYS. 
STRUCTURE 

POWER CONTROL UNITS 


STIMATING. RELATIONSHIPS 

WEIGHT 

585.2 

985.0 

300.0 

0.0 


2476,0 

141.7 


D.E, COST 

T.E, COST 

VEHICLE 
PROD, COST 

VEHICLE 
ENG. COST 

1340383.6 

1193644.7 

2232646,5 

0.0 

3917703.0 

2447653.7 

1930387.7 

0.0 

4575811.1 

1737802.7 

876734,1 

0.0 

0,0 

0.0 

0.0 

0,0 

643674,1 

504212.9 

490054.8 

0.0 

7830377.8 

3775302,7 

3090258.2 

0,0 

1438156.0 

575326.7 

667515.3 

0.0 



SPACECRAFT C 



MOOFL 


-EP3) 

DOLLARS) 




-RECURRING 


TOTAL 

PRODUCTION 

FAB AND 

TOTAL 

ROT + E 

ENGINEERING 

ASSEMBLY 

RECURRING 


17.1 

0.0 

A. 3 

A. 3 

9.5 

0.0 

1.2 

1.2 

17.0 

2.7 

9.5 

12. A 

2.0 

.A 

1.0 

l.A 

7.3 

2.1 

A. 3 

6. A 

5. A 

3.2 

2.9 

6.0 

2, 5 

.7 

1.0 

1.7 

60.6 

.9.1 

2A.A 

33.5 

250.0 



100.0 

321.9 



133. A 

0.0 

13.3 



• 8 

6.0 



2. A 

3A1.2 



136.7 


136,6 


A77.g 



8i!^-a 


LO COST (RW-EP3I 


* ♦ * * ASSEMBLY DESCRIPTIONS ♦ ♦ * ♦ 


STABILIZATION AND CONTROL 

lOENT TYPE N( 

209 VALVE DRIVER 2- 

306 SUN SENSOR ! 

503 6IHBAL ELECTRONCS ; 

1327 REACTN WHEEL ASSY - 

1733 RATE INTEGR GYRO 
1901 CONTROL ELECT. 

2109 STAR SENSOR 


UNIT UNIT UNIT 


1.8 

.2 

6.3 

80.6 

13.0 

10.3 

11.8 


POWER 

D.E. COST 

T.E. COST 

35.2 

121612.3 

157361.3 

0.0 

0.0 

0.0 

31.6 

0.0 

0.0 

70.0 

83220.6 

176962.3 

12.0 

601168.8 

551656.3 

26.5 

1172070.0 

752660.0 

8.0 

0.0 

0.0 


AUXILIARY PROPULSION 

IDENT TYPE 
133 THRUSTER 
212 ISOLATION VALVE 
312 FILTER 

618 PRESSURE REGULATR 
526 TANK 

609 FILL *■ DRAIN VALV 


UNIT UNIT UNIT 
NO. WEIGHT VOLUME POWER D.E. COST 


1.6 

3.3 

.3 

6.1 

21.6 

.2 


0.0 

0.0 

- 0.0 

- 0.0 

- 0.0 

- 0.0 


0.0 

0.0 

0.0 

370251.1 

0 . 0 , 

0.0 


T.E. COST 
0.0 
0.0 
0.0 
153763.8 
0.0 
0.0 


VEHICLE 
PROD. COST 
268618.3 
110096.8 
0.0 

678116.5 
622208.2 

665651.6 
325686.2 


VEHICLE 
PROD. COST 
167262.3 
0.0 
0.0 
102328.5 
0.0 
0.0 


•DATA PROCESSING AND INSTRUMENTATION 

IDENT TYPE NO. WEIGHT ' 

109 GEN PURP PROCESR 1 15.0 

230 DIGITAL TELEMETRY 2 5.0 

312 TAPE RECORDER 2 11*0 

365 TAPE RECORDER 2 iSls 

626 COMMAND DIST UNIT 2 19.1 

COMMUNICATIONS 

IDENT TYPE NO. WEIGHT \ 

103 BASEBNO ASSY UNIT 1 2.0 

202 ANTENNA 1 8^6 

221 ANTENNA 2 5^8 

239 ANTENNA 2 2*1 

309 TRANSMITTER 2 1.8 

326 TRANSMITTER 2 7^5 

351 TRANSMITTER 2 ll9 

615 RECEIVER 2 3.9 

618 RECEIVER 2 6.2 

- 618 OIPLEXER 2 l A 


UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

D.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

15.0 

. 1 

20.0 

1338675.0 

832025.0 

1209553.8 

560211.0 

5.0 

.0 

16.0 

183065.5 

181653.8 

207567.5 

73162.6 

11.0 

.2 

6.0 

0.0 

0.0 

620502.6 

136501.6 

16.8 

.6 

25.0 

66856.5 . 

69936.0 

. 160677.5 

183173.7 

19.1 

. 7 

6.6 

1161339.3 

1121960.6 

, 916672.6 

656063.1 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

D.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG, COST 

2.0 

.0 

.5 

0.0 

0.0 

19673.8 

8351.6 

8.6 

. 7 

-0.0 

368292.9 

319352.9 

76667.1 

0.0 

5.8 

. 2 

-0.0 

65115.0 

55367.8 

69670.6 

73563.7 

2.1 

.0 

-0.0 

o;o 

0.0 

25037.8 

62503.5 

1.8 

.0 

8.8 

2705.9 

3156.5 

71867.6 

7662.5 

7.5 

.2 

37. 5 

0.0 

0.0 

91662.5 

65773.0 

1.9 

.2 

52.0 

3906.9 

3906.9 

167666.5 

11036.6 

3.9 

.1 

3.0 

107966.2 

266253.6 

115615.0 

63133.8 

6.2 

1.5 

. 1 

2.0 

56986.0 

123718.5 

76202.1 

31060.2 

.0 

-0.0 

20605.3 

21601.1 

33593.6 

8233.6 



6I-' 


ELECTRICAL POWER 
IDENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER O.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COS 

103 SHUNT REGULATOR 

34 

4.2 

.1 

-0.0 0.0 

0.0 

0,0 

0.0 

242 BATTERY 

. 6 

73.9 

.1 

-0.0 372829.1 

824355.9 

2137882.9 

1794057.3 

315 BATTERY CHARGER 

2 

12.0 

.3 

-0.0 0.0 

0.0 

0.0 

0.0 


EQUIPMENTS USING COST ESTIMATING RELATIONSHIPS 

NAME WEIGHT 

SOLAR ARRAY 585.2 

HARNESS 985.0 

THERMAL CONTROL 300.0 

POWER CONVERTERS 0.0 

PROPULSION FEED SYS. 

STRUCTURE 2476.0 

POWER CONTROL UNITS 166.8 


O.E. COST 

T.E. COST 

VEHICLE 
PROD, COST 

VEHICLE 
ENG, COST 

1340383.6 

1193644.7 

2232646.5 

0.0 

3917703.0 

2447653,7 

1930387.7 

0.0 

4575811.1 

1737802.7 

876734.1 

0.0 

0.0 

0.0 

0.0 

0.0 

643674.1 

504212.9 

490054.8 

0.0 

7703695.7 

3714224.8 

3090258.2 

0.0 

959173.2 

366226.1 

687624.8 

0.0 



APPENDIX E 


HCMM COST ESTIMATES 


E-1 



E-2 


SPACECRAFT C 



SUBSYSTEM COST 

DESIGN 

ENGINEERING 

DDT+E 

TEST AND 
EVALUATION 

STRUCTURE 

A.O 

1.7 

THERMAL CONTROL 

.6 

• 3' 

ELECTRICAL POWER 

2.0 

3.6 

COMMUNICATIONS 

,7 

.7 

DATA HANDLING 

1.6 

I.l 

STABILITY AND CONTROL 

8.6 

4.3 

AUXILIARY PROPULSION 

1.2 

.5 

SPACECRAFT 

19.0 

• 

CM 

MISSION EQUIPMENT 


SATELLITE 

QUALIFICATION UNIT(S) 
GSE (AGE) 

LAUNCH SITE SUPPORT 
CONTRACTOR FEE 

TOTAL SATELLITE 



T MODEL 


INE 

DOLLARS ) 


RECURRING 


TOTAL 

PRODUCTION 

FAB AND 

TOTAL 

ROT+E 

ENGINEERING 

ASSEMBLY 

RECURRING 

5.8 

0,0 

1.6 

i.6 

1.1 

0.0 

.1 

.1 

5.6 

.0 

2.4 

2.5 

1.4 

0.0 

.5 

.5 

2.7 

.2 

.8 

' 1.0 

12.9 

.7 

2.2 

2.9 

1.8 

.6 

.3 

.9 

31.2 

• 1.5 

8.0 

9.5 

19.0 



3.5 

50.2 



13.0 

0.0 




8.2 




2.8 



. 4 



.7 

61.2 



14.1 


l<t.l 


75.3 



E-3 


HCMH BASELINE 



♦ ♦ 

* * ASSEMBLY 

DESCRIPTIONS ♦ 

♦ ♦ ♦ 



STABILIZATION AND CONTROL 
IDFNT TYPE NO, 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

D.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

209 VALVE DRIVER 

1 

1.8 

.1 

35.2 

108525.0 

3617550 

27717.3 

0.0 

303 SUN SENSOR 

2 

.3 

.0 

.0 

18158A.0 

2Z975A.7 

9A793.3 

72558. A 

918 SUN SENSOR 

A 

.7 

.0 

1.0 

387A59.6 

6118A9.5 

26A922.9 

371512.0 

1106 RATE GYRO 

1 

3.0 

.1 

16.0 

389677.1 

162353. A 

89983.8 

0.0 

1<*66 SUN SENSOR ELECTR 

1 

2.2 

.1 

.7 

621052. A 

326587,9 

19771.7 

0.0 

1501 CONTROL ELECT. 

1 

10,0 

a 

A.O 

1157600.0 

766910.0 

253151,2 

0.0 

1803 EARTH SENSOR 

1 

1A.6 

.2 

19.0 

2789526.6 

855003, A 

83A290.3 

0.0 

AUXILIARY PROPULSION 
IDENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

D.E. COST 

• T.E., .COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

812 .THRUSTER 

2 

.7 

.0 

0.0 

166260.3 

166260.3 

28936.9 

66A35. 3 

829 THRUSTER 

8 

.6 

.0 

0.0 

181797.5 

82925.2 

8513A.7 

316612.2 

915 ISOLATION VALVE 

1 

.2 

.0 

.2 

0.0 

0.0 

0.0 

0.0 

1013 FILTER • 

1 

.3 

.0 

~0.0 

0.0 

0.0 

0.0 

0.0 

1101 TANK 

2 

2.8 

a 

-0.0 

0.0 

0,0 

0.0 

0.0 

1206 FILL + DRAIN VALV 

2 

.2 

.0 

-0.0 

0.0 

0.0 

0.0 

0.0 

DATA PROCESSING AND INSTRUMENTATION 

UNIT 

IDENT TYPE NO. WEIGHT 

1 

UNIT 

VOLUME 

UNIT 

POWER 

D.E. .COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

2A2 DIGITAL TELEMETRY 

1 

A.O 

.0 

15.0 

157723.0 

161933.8 

99227.9 

0.0 

A03 COMMD OECOD+DISTR 

,2 

2.3 

.0 

7.5 

35270A.A 

292728.1 

2A1806.1 

1A0935.7 

A09 COMMD OECOD+DISTR 

1 ' 

■ 6.1 • 

.1 

-0.0 

5A8268.3 

3222A6.9 

2A9825.1 

0.0 

COMMUNICATIONS 
IDENT TYPE 

NO, 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

D.E. COST 

T.E. COST 

VEHICLE 
PROD, COST 

VEHICLE 
ENG. COST 

218 ANTENNA 

1 

.8 

.0 

-0.0 

86675.3 

62076.3 

19586.9 

0.0 

230 ANTENNA 

1 

1.8 

.3 

-0.0 

137030.9 

1066A3.9 

30A89.0 

0,0 

327 TRANSMITTER 

1 

A. 7 

.0 

18.0 

998A3.0 

70903.0 

868A7.5 

0.0 

351 TRANSMITTER 

1 

1.9 

,2 

52.0 

39069.0 

39069.0 

1A2282.1 

0.0 

AOS RECEIVER 

1 

2.3 

.0 

3.5 

3A215.A 

172771,8 

53956.3 

0.0 

610 DIPLEXER 

1 

1,5 

.0 

-0.0 

18521.6 

12588,9 

18663.0 

0*0 

71A POWER CONVERTER 

1 

12.1 

.3 

29.2 

0.0 

0.0 

0.0 

0.0 



E-4 


ELECTRICAl POWER 

IDENT TYPE 
202 BATTERY 
603 BATTERY CHARGER 


NAME 

SOLAR ARRAY 
HARNESS 

THERMAL CONTROL 
POWER CONVERTERS 
PROPULSION FEED SYS. 
STRUCTURE 

POWER CONTROL UNITS 


UNIT UNIT 

NO. WEIGHT VOLUME 

UNIT 

POWER 

O.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

2 X 0 • ^ • X 

-0.0 

67611.1 

1233885.8 

619659.8 

27016,9 

2 2 • 6 > ■ 0 

-0.0 

0.0 

0.0 

0.0 

0.0 

MATING RELATIONSHIPS 
WEIGHT 

D.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 



192397.9 

279728.5 

622198.6 

0.0 


1 57519.9 

176529.3 

67822.2 

0.0 

^.3 


597829.8 

208053.0 

79315.9 

0,0 

A. 9 


320937.5 

188531.9 

83789.1 

0.0 

58.0 


969712.6 

2650162.8 

130399.1 

1198793.1 

128978.7 

1151383,2 

0.0 

0.0 

5.2 


626227.2 

'699696.5 

365783.8 

0,0 



SPACECRAFT C 



AVERAGE UNIT COST 


TOTAL SATELLITE ODT+E AND 
RECURRING COST 


MODEL 

ELINE 

DOLLARS) 


RECURRING 


TOTAL 

PRODUCTION 

FAB AND 

TOTAL 

RDT+E 

ENGINEERING 

ASSEMBLY 

RECURRING 

5.9 

0,0 

1.6 

1,6 

1.1 

0,0 

.1 

.1 

3.7 

,0 

2.1 

2,2 

0.0 

.1 

.3 

.5 

2.2 

.3 

.6 

.9 

10.2 

1.9 

2.8 

4,7 

.9 

.2 

.3 

.5 

23.9 

2.6 

7,8 

10.4 

19.0 



3.'5 

AA.A 



13.9 

0,0 




7.2 







.4 

2,3 



.8 

53,9 



15.1 


69.1 



HCMH/SAGE BASELINE 



* * 

* * ASSEMBLY 

DESCRIPTIONS * * 

♦ ♦ 



STABILIZATION AND CONTROL 










UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

ID€NT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

D.E. COST 

T.E, COST 

PROD. COST 

ENG. COST 

209 VALVE DRIVER 

• 1 

i.e 

.1 

35.2 

108525.0 

36175.0 

2771 7, 3 

0.0 

303 SUN SENSOR 

3 

.3 

.0 

.0 

199946.5 

324359.5 

133691.3 

140710.7 

1X06 RATE GYRO 

1 

3.0 

.1 ' 

16.0 

389677.1 

162353.4 

89938.8 

0. 0 

1501 CONTROL ELECT* 

1 

10.0 

.1 

4.0 

1157600.0 

766910.0 

253151.2 

0,0 

1803 EARTH SENSOR 

2 

14.6 

.2 

19.0 

2789526.6 

855003.4 

1501725.7 

1114655.4 

AUXILIARY PROPULSION 











UNIT 

, UNIT 

UNIT 



VEHICLE 

VEHICLE 

IDENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

O.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

812 THRUSTER 

2 

.7 

.0 

0.0 

0.0 

0.0 

18941.7 

46958.2 

829 THRUSTER 

915 ISOLATION VALVE 

8 

1 

.6 

.2 

.0 

.0 

0.0 

.2 

0.0 

0.0 

0.0 
0. 0 

^57Z7,9 

0.0 

I00579i5 

0.0 

1013 FILTER 

1 

• 3 

.0 

-0.0 

0.0 

0.0 

0.0 

0.0 

liOl TANK 

2 

2.8 

.1 

-0.0 

0.0 

0.0 

0.0 

0,0 

1206 FILL ♦ DRAIN -VALV 

2 

.2 

.0 

-0.0 

0.0 

0.0 

0.0 

0.0 

DATA PROCESSING AND INSTRUMENTATION 








UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

IDENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

O.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

2A2 DIGITAL TELEMETRY 

1 

4.0 

.0 

15.0 

157723.0 

161933.8 

99227.9 

0.0 

403 COHHO DECOD+OISTR 

2 

2.3 

*0 

7.5 

264528.3 

219546.1 

158282.5 

99617.0 

409 COHMO OECOD+DISTR 

1 

6.1 

.1 

-0.0 

411201.2 

241685.2 

163531.7 

110641.0 

COMMUNICATIONS 











UNIT 

UNIT 

UNIT 


M 

' VEHICLE 

VEHICLE 

IDENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

D.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

218 ANTENNA 

1 

« 8 

.0 

-0.0 

0.0 

0.0 

12821.3 

17491.2 

230- ANTENNA 
327 TRANSMITTER 

1 

1 

1.8 

4.7 

.3 

.0 

-0.0 

18.0 

0.0 

0.0 

0.0 

0.0 

19957.6 

56849.0 

27653.0 

20148.4 

351 TRANSMITTER 

1 

1.9 

.2 

52.0 

0.0 

0.0 

93135.6 

7884.2 

403 RECEIVER 

1 

2.3 

.0 

3.5 

0.0 

0.0 

35319.0 

16994.7 

618 DIPLEX6R 

71A POWER CONVERTER 

1 

1 

1.5 
12.1 ■ 

.0 ■ 

.3 

-0.0 

29.2 

0.0 
’ 0.0 

- 0.0 
0.0 

12216.5 

0.0 

3737.7 

0.0 




ELECTRICAL POWER 

UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 


ICENT tYPE 

NO. WEIGHT 

VOLUME 

POWER 

D.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 


202 BATTERY 

2 10.5 

.1 

-0.0 

0.0 

0.0 

402346.8 

19095.9 


603 BATTERY CHARGER 

2 2,6 

.0 

-0.0 

0.0 

0.0 

0.0 

0.0 


EQUIPMENTS USING COST 

ESTIMATING RELATIONSHIPS 





w 

NAME 






VEHICLE 

VEHICLE 

WEIGHT 



O.E. COST 

T.F. COST 

PROD. COST 

ENG. COST 

1 

SOLAR ARRAY 

31.0 



142347,9 

274728.5 

622198.8 

0.0 


HARNESS 

11.0 



157514.4 

176524.3 

67822,2 

0.0 


THERMAL CONTROL 

A, 3 



547824.8 

208053.0 

79315.9 

0.0 


POWER CONVERTERS 

4.9 



320937.5 

188531.4 

88784.1 

0.0 


PROPULSION FEED SYS. 




464712.6 

130349.1 

128478,7 

0,0 


STRUCTURE 

58.0 



2696328,4 

1219625.1 

1151383.2 

0.0 


POWER CONTROL UNITS 

5.2 


, 

626227.2 

644696.5 

365783.8 

0.0 



SPACECRAFT 



MODEL 


DOLLARS ) 


TOTAL 

PRODUCTION 

-RECURRING 

FAB AND 

TOTAL 

ROT*E 

ENGINEERING 

ASSEMBLY 

RECURRING 


5.8 

0.0 

1.6 

1.6 

1.1 

0.0 

,1 

. 1 

l.'i 

.0 

2.1 

2.2 

0,0 

.1 

.3 

,5 

2,2 

.3 

.6 

.9 

5.3 

1.2 

1.6 

2.8 

,9 

.2 

..3 

.5 

16.6 

19.0 

1.9 

6.7 

6.5 

3.5 


39.6 12.0 

0.0 

5,6 

1.8 l6 

47,1 13.0 


60.1 



LO COST asw) 



♦ ♦ 

♦ ♦ ASSEMBLY 

DESCRIPTIONS * 

* * * 



STABILIZATIGN AND CONTROL 










UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

IDENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

O.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

209 VALVE DRIVER 

1 

1.8 

.1 

35.2 

108525,0 

36175,0 

27717.3 

0.0 

303 SUN SENSOR 

2 

.3 

.0 

.0 

0.0 

0.0 

62050.2 

51286.2 

918 SUN SENSOR 

4 

.7 

.0 

1.0 

0.0 

0.0 

173414,5 

153161.2 

1106 RATE GYRO 

1 

3.0 

.1 

16.0 

389677.1 

162353.4 

89988,8 

0.0 

l<i66 SUN SENSOR ELECTR 

1 

2.2 

.1 

.7 

621052.4 

326537.9 

19771.7 

0,0 

1501 CONTROL ELECT. 

1 

10.0 

.1 

4.0 

1157600.0 

766910,0 

253151.2 

0.0 

1803 EARTH SENSOR 

1 

14.6 

.2 

19.0 

0.0 

0.0 

546113.5 

562929.0 

AUXILIARY PROPULSION 


UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

IDENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

D.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

812 THRUSTER 

2 

.7 

.0 

0.0 

0.0 

0.0 

18941.7 

46958.2 

829 THRUSTER 

8 

.6 

.0 

0.0 

0.0 

0.0 

55727.9 

100579.5 

915 ISOLATION VALVE 

1 

.2 

• 0 

.2 

0.0 

0.0 

0.0 

0.0 

1013 FILTER 

1 

.3 

.0 

-0.0 

0.0 

0.0 

0.0 

0.0 

1101 TANK 

2 

2.8 

.1 

-0.0 

0.0 

0.0 

0.0 

0,0 

1206 FILL ♦ DRAIN VALV 

2 

.2 

.0 

-0.0 

0.0 

0.0 

0.0 

0.0 

DATA PROCESSING AND INSTRUMENTATION 








UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

IDENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

D.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

2^2 DIGITAL TELEMETRY 

1 

4.0 

.0 

15,0 

157723.0 

161933,8 

99227.9 

0.0 

403 COMMO DECOO+OISTR 

2 

2.3 

.0 

7.5 

264528.3 

219546.1 

158282.5 

99617.0 

409 COMMD OECOO+OISTR 

1 

6.1 

.1 

-0.0 

411201.2 

241685.2- 

163531.7 

110641.0 

COMMUNICATIONS 


UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

IDENT TYPE 
218 ANTENNA 

NO, 

1 

WEIGHT 

.8 

VOLUME 

POWER 

-0.0 

O.E. COST 
0,0 

T.E. COST 
0.0 

PROD. COST 
12821.3 


230 ANTENNA 

1 

1.8 

*3 

-0.0 

0.0 

0.0 

19957.6 

27653,0 

327 TRANSMITTER 

1 

4.7 

.0 

18.0 

0.0 

0.0 

56849.0 

20148,4 

351 TRANSMITTER 

1 

1.9 

.2 

52.0 

0.0 

0,0 

93135.6 

7884.2 

403 RECEIVER 

1 

2.3 

.0 

3.5 

0.0 

0.0 

35319,0 

16994.7 

618 DIPLEXER 

1 

1.5 

.0 

-0.0 

0.0 

0,0 

12216.5 

3737.7 

714 POWER CONVERTER 

1 

12.1 

.3 

29.2 

0.0 

0.0 

0.0 

0,0 



ELECTRICAL POWER 


IDENT TYPE 


202 BATTERY 


603 BATTERY- CHARGER 


UNIT UNIT UNIT 

NO. WEIGHT VOLUME POWER D.E. COST 

2 10.5 .1 -0.0 0.0 

2 2.6 .0 - 0.0 0.0 


EQUIPMENTS USING COST ESTIMATING RELATIONSHIPS 


NAME 

SOLAR ARRAY 
HARNESS 

THERMAL CONTROL 
POWER CONVERTERS 
PROPULSION FEED SYS. 
STRUCTURE 

POWER CONTROL UNITS 


WEIGHT 

31.0 

11.0 
A. 3 
A. 9 

58.0 

5.2 


O.E. COST 
7117A.0 
15751A.A 
5A782A.8 
160A68.7 


A6A712.6 

2650162.8 


62622.7 


VEHICLE 

T.E. COST- PROD. COST 
■ 0.0 A023A6.8 

0.0 0.0 



T.E. COST 

VEHICLE 
PROO. COST 

VEHICLE 
ENG. COST 

13736A.3 

622198.8 

0.0 

17652A.3 . 

67822.2 

0.0 

208053.0 

79315.9 

0.0 

9A265.7 

8878A.1 

0.0 

1303A9.1 

128A78.7 

0.0 

11987A3.1 ' 

1151383.2 

0.0 

6AA69.6 

365783.8 

0.0 









w 

I 


SPACECRAFT COST MODEL ' 
LO COST (2SW) 

(HIUIONS OF 1975 DOLLARS) 


SUBSYSTEM COST 


STRUCTURE 
THERMAL CONTROL 
ELECTRICAL POWER - 
COMMUNICATIONS 
DATA HANDLING 
STABILITY AND CONTROL 
AUXILIARY ■ PROPULSION 


SPACECRAFT 
MISSION. EQUIPMENT 


SATELLITE 

QUALIFICATION UNIT(S) 
GSE (AGE) 

LAUNCH SITE SUPPORT 
CONTRACTOR FEE 


TOTAL SATELLITE 


AVERAGE UNIT COST 


TOTAL SATELLITE ODT+E AND 
RECURRING COST 


-ODT+E- 


-RECURRING- 


DESIGN 

TEST AND 

TOTAL 

PRODUCTION 

FAB AND 

ENGINEERING 

EVALUATION 

ROT+E 

ENGINEERING 

ASSEMBLY 

4.1 

1.7 

5.9 

0.0 

1.6 

.8 

.3 

1.1 

0.0 

.1 

,7 

.7 

1.4 

.0 

2.1 

0,0 

O.'O 

0.0 

.1 

.3 

a. 3 

.9 

2.2 

.3 

.6 

2.5 

1.4 

3.9 

1.3 

2.0 

.7 

,2 

.9 

.2 

.3 

10.1 

5.2 

15;3 

2.0 

7.0 


19.0 

37.9 

0,0 

5.3 

1.7 


TOTAL 

RECURRING 


1 . 

2 . 


3 . 


9.1 

3.5 


12.5 


.A 

.7 


13.6 

13.5 

50,4 





LO COST (2SW) 


M 




* + ♦ * ASSEMBLY DESCRIPTIONS ♦ ♦ ♦ ♦ 


STABILIZATION AND CONTROL 

IDENT TYPE NO. 

209 VALVE DRIVER 1 

303 SUN SENSOR 3 

1106 RATE GYRO 1 

1501 CONTROL ELECT. 1 

1803 EARTH SENSOR 2 


AUXILIARY PROPULSION 

lOENT TYPE 
812 THRUSTER 
829 THRUSTER 
915 ISOLATION VALVE 
1013 FILTER 
1101 TANK 

1206 FILL ♦ DRAIN VALV 


NO. 

2 

8 

1 

1 

2 

2 


UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

EIGHT 

VOLUME 

POWER 

O.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

1.8 

.1 

35.2 

108525.0 

36175.0 

27717.3 

0.0 

• 3 

.0 

.0 

0.0 

0.0 

87512.3 

68799.9 

3.0 

.1 

16.0 

389677.1 

162353.9 

89988.8 

0.0 

10.0 

.1 

9.0 

1157600.0 

766910.0 

253151.2 

0.0 

19.6 

.2 

19.0 

0.0 

0.0 

983006.5 

787867.5 


UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

EIGHT 

VOLUME 

POWER O.E. 

COST 

T.E. COST 

PROD. COST 

ENG. COST 

.7 

.0 

0.0 

0.0 

0.0 

18991.7 

96958.2 

» 6 

.0 

0.0 

0.0 

0.0 

55727.9 

10,0579.5 

.2 

.0 

.2 

0.0 

0.0 

0.0 

0.0 

« 3 

.0 

-0.0 

0.0 

0.0 

0.0 

0.0 

2.8 

.1 

-0.0 

0.0 

0.0 

0.0 

0,0 

.2 

.0 

-0.0 

0.0 

0.0 

0.0 

0,0 


DATA PROCESSING AND INSTRUMENTATION 


IDENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

292 DIGITAL TELEMETRY 

1 

9.0 

.0 

15.0 

903 CDMMD OECOO<-DISTR 

2 

2.3 

.0 

7.5 

909 COMMD DECOD+DISTR 

1 

6.1 

.1 

-0.0 

COMMUNICATIONS 
IDENT TYPE 

NO.. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

218 A'NTENN'A 

1 

.8 

.0 

-0.0 

230 ANTENNA 

1 

1.8 

.3 

-0.0 

327 TRANSMITTER 

1 

9.7 

.0 

1 8.0 

351 TRANSMITTER 

1 

1.9 

.2 

52.0 

903 RECEIVER 

1 

2.3 

.0 

3.5 

618 DIPLEXER 

1 

1.5 

.0 

-0.0 

719 POWER CONVERTER 

1 

12.1 

.3 

2 9. .2 


.E. COST 

T.E, COST 

VEHICLE 
■PROD. COST 

VEHICLE 
ENG. COST 

157723.0 

161933.8 

99227.9 

0.0 

.269528.3 

219596.1 

158282.5 

99617.0 

911201.2 

291685.2 

163531.7 

110691.0 


> 




VEHICLE 

VEHICLE 

COST 

T.E. COST 

PROD. COST 

ENG. COST 

0.0 

0.0 

12821.3 

17991.2 

0.0 

0.0 

19957.6 

27653.0 

0.0 

0.0 

56899.0 

20198.9 ■ 

0.0 

0.0 

93135.6 

7889.2 

.0.0 

0.0 

35319.0 

16999.7 

0.0 

0.0 

12216.5 

3737.7 

0.0 

0.0 

. 0.0 

0.0 



£ 1 - 


ELECTRICAL POWER 

IDENT TYPE 
202 BATTERY 
603 BATTERY CHARGER 


UNIT UNIT UNIT 

NO. WEIGHT VOLUME POWER 

2 10.5 .1 -0.0 

2 2.6 .0 - 0.0 


W 


EQUIPMENTS USING COST ESTIMATING RELATIONSHIPS 


NAME 

SOLAR ARRAY 
HARNESS 

THERMAL CONTROL 


POWER CONVERTERS r 


PROPULSION FEED SYS. 
STRUCTURE 


POWER CONTROL UNITS 



58.0 

5.2 




VEHICLE 

VEHICLE 

.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

0.0 

0.0 

A023A6.6 

19095.9 

0.0 

0.0 

0.0 

0.0 


D.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

7117A.0 

137364.3 

622198,8 

0.0 

15751A.A 

176524.3 

67822.2 

0.0 

5A782A.8 

206053.0 

79315.9 

0.0 

160A68.7 

94265.7 

33784,1 

0.0 

464712.6 

130349.1 

128478.7 

0.0 

2696328.4 

1219625.1 

1151383,2 

0.0 

62622.7 

64469.6 

, 365783.8 

0,0 



tl- 


SPACECRAFT COST MODEL 

LQ COST (1SW-EP2) 
(MILLIONS OF 1975 DOLLARS) 




SUBSYSTEM COST 


STRUCTURE 
THERMAL CONTROL 
ELECTRICAL POWER 
COMMUNICATIONS 
DATA HANDLING 
STABILITY AND CONTROL 
AUXILIARY PROPULSION 


SPACECRAFT 
MISSION EQUIPMENT 


SATELLITE 

QUALIFICATION UNIT(S) 
GSE (AGE) 

LAUNCH SITE SUPPORT 
CONTRACTOR FEE 


TOTAL SATELLITE 
AVERAGE UNIT COST 


total SATELLITE DOT^E AND 
RECURRING COST 


ESIGN 

DOT+E 

TEST AND 

TOTAL 

■ PRODUCTION 

-RECURRING 

FAB AND 

TOTAL 

NEERING 

EVALUATION 

ROT+E 

ENGINEERING 

ASSEMBLY 

RECURRING 

A.O 

1.7 

5.7 

0.0 

1.6 

1.6 

• 8 

.3 

1.1, 

0.0 

.1 

.1 

.5 

* 6 

1.1 

•'.0 

-. 2 ;o 

2.1 

0.0 

0.0 

0.0 

.1 

i3 

. 5 

1.3 

.9 

2.2 

.-3 

ib 

.9 


1.8 

5.3 

l;2. 

1.6 

2.8 

.7 

.2 

.9 

. .2 

■ i3 

.5 

10.8 

5.5 

16.3 

19.0 

1.9 

6.6 

8.4 

3.5 


39.3 

O.C 

5i5 

1.8 

<► 6.6 


11.9 


.3 

.6 


12.9 

12.9 

59.5 



ST- 


LO COST (1SW-EP2) 



* ¥ 

♦ * ASSEMBLY 

DESCRIPTIONS ♦ ♦ 

* ¥ 



STA3ILIZATION AND CONTROL 









UNIT 

UNIT 

UNIT 


VEHICLE 

VEHICLE 

IDENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER D.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

209 VALVE DRIVER 

1 

1.8 

.1 

35.2 108525.0 

36175.0 

27717.3 

0.0 

303 SUN SENSOR 

2 

.3 

.0 

.0 0.0 

0.0 

62050.2 

51286.2 

918 SUN SENSOR 

A 

.7 

.0 

1.0 - 0.0 

0.0 

173A14.5 

153161.2 

1106 RATE GYRO 

1 

3.0 

.1 

16.0 389677.1 

162353.4 

89988.8 

0,0 

1A66 SUN SENSOR ELECTR 

1 

2.2 

.1 

.7 621052.4 

326587,9 

19771.7 

0.0 

1501 CONTROL ELECT. 

1 

10.0 

.1 

4,0 1157600,0 

766910.0 

253151,2 

0.0 

1803 EARTH SENSOR 

1 

1^.6 

.2 

19,0 0,0 

0,0 

546113.5 

562929.0 

AUXILIARY PROPULSION 


UNIT 

UNIT 

UNIT 


VEHICLE 

VEHICLE 

lOENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER D,E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

812 THRUSTER 

2 

.7 

.0 

0.0 0.0 

0.0 

18941.7 

46958.2 

829 THRUSTER .? 

8 

.6 

.0 

0,0 0.0 

0.0 

55727.9 

100579.5 

915 ISOLATION VALVE 

1 

.2 

.0 

.2 0.0 

0,0 

0.0 

0.0 

1013 FILTER 

1 

.3 

.0 

-0,0 0.0 

0.0 

0.0 

0.0 

1101 TANK 

2 

2.8 

.1 

-0.0 0.0 

0.0 

0.0 

0.0 

1206 FILL + DRAIN VALV 

2 

.2 

.0 

-0.0 • 0.0 

0,0 

0.0 

0.0 


DATA PROCESSING AND INSTRUHENTATION 


IDENT TYPE 


UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

NO, 

WEIGHT 

VOLUME 

POWER 

D.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

242 DIGITAL TELEMETRY 

1 

4.0 

.0 

15.0 

157723.0 

161933.3 

99227.9 

0.0 

403 COMMD DECQO+DISTR 

2 

2.3 

.0 

7.5 

264528.3 

219546.1 

158232.5 

99617.0 

409 COMMD OECOD+OISTR 

1 

6.1 

.1 

-0,0 

411201,2 

241685.2 

163531.7 

110641.0 

COMMUNICATIONS 


UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

IDENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

D.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

218 ANTENNA 

1 

.8 

.0 

-0.0 

0.0 

0.0 

12821.3 

17491.2 

230 ANTENNA 

1 

1.8 

.3 

-0,0 

0.0 

0.0 

19957.6 

27653.0 

327 TRANSMITTER 

1 

4.7 

.0 

18.0 

0.0 

0.0 

56849.0 

20148.4 

351 TRANSMITTER 

1 

1.9 

.2 

52.0 

0.0 

0.0 

93135.6 

7834,2 

403 RECEIVER 

1 

2.3 

.0 

3.5 

0.0 

0.0 

35319.0 

16994,7 

618 DIPLEXER 

1 

1.5 

.0 

-0.0 

0.0 

0.0 

12216.5 

3737,7 



9'T- 


ELECTRICAl POWER 

IDENT TYPE 
112 SHUNT REGULATOR 
202 BATTERY 
A06.DISCHGE REGULATOR 
603 BATTERY CHARGER 


UNIT UNIT UNIT 
NO. WEIGHT VOLUME POWER 
2 l.A ,0 -0.0 

2 8.9 .1 -0,0 

1 9;8 .2 -0.0 

2 2.6 ,0 - 0,0 




EQUIPMENTS USING COST ESTIMATING RELATIONSHIPS 


NAME 

SOLAR ARRAY 
HARNESS 

THERMAL CONTROL 
POWER CONVERTERS 
PROPULSION PEED SYS. 
STRUCTURE 

POWER CONTROL UNITS 


WEIGHT 

2A.8 

11,0 

‘t,3 


0.0 


58.0 
16. A 


,E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG, COST 

0.0 

0,0 

0.0 

0.0 

0.0 

0.0 

'i023‘V6.8 ■ 

19095,9 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


D.E. COST 


VEHICLE 

VEHICLE 

T.E, COST 

PROD. COST 

ENG. COST 

5650^,3 

122362.3 

559224.2 

0.0 

15751A.<i 

17652A.3 

67822,2 

0.0 

5<f782A.8 

208053.0 

79315.9 

0.0 

0.0 

0.0 

0.0 

0.0 

<i6A712.6 

1303A9.1 

128478.7 

0.0 

2630508.9 

1189853.1 

1151383,2 

0.0 

122899.8 

91097,5 

450330.7 

0.0 



-17 


SPACECRAFT COST MODEL 


LO COST (2SW-EP2) 
fHILLIONS OF 1975 DOLLARS) 


SUBSYSTEM COST 


DESIGN 

ENGINEERING 


DOT+E 

TEST AND 
EVALUATION 


TOTAL 
ROT + E 


PRODUCTION 

ENGINEERING 


•RECURRING-* 
FAB AND 
ASSEMBLY 


TOTAL 

RECURRING 


STRUCTURE 
THERMAL CONTROL 
ELECTRICAL POWER 
COMMUNICATIONS 
DATA HANDLING 
STABILITY AND CONTROL 
AUXILIARY PROPULSION 


SPACECRAFT 
MISSION EQUIPMENT 


SATELLITE 

QUALIFICATION UNIT(S) 
GSE (AGE) 

LAUNCH SITE SUPPORT 
CONTRACTOR FEE 


A.l 

.8 

.5 

0.0 

1.3 

2.5 

.7 


9.9 


1.7 

.3 

.6 

0.0 

.9 

1.4 

.2 


5,0 


TOTAL SATELLITE 


5.8 
1.1 
1.1 
0.0 
2.2 

3.9 

.9 


15.0 

19.0 


37,5 
0 . 0 
5.2 

1.7 

44.4 


0.0 

0.0 

.0 

.1 

.3 

1.3 

.2 


2.0 


1.6 

.1 

2.0 

.3 

.6 

2.0 

.3 


6.9 


1 . 

2 . 

m 

o 

3. 


9,0 

3.5 


12.4 


.3 

.6 


13.5 


AVERAGE UNIT COST 


TOTAL SATELLITE ODT+E AND 
RECURRING COST 


13.4 


57.9 


nO rH CT' m 



0RIG3NAI] PAGE IS e-18 
OF POOR QUALITY 


LQ COST (2SW-EP2) 


* * * * 4SS6HBLY DESCRIPTIONS ♦ ♦ * 4, 


STABILIZATION AND CONTROL 

IDENT TYPE NO. 

209 VALVE DRIVER 1 

303 SUN SENSOR 3 

1106 RATE GYRO 1 

1501 CONTROL ELECT. 1 

1803 EARTH SENSOR 2 


UNIT UNIT UNIT 
WEIGHT VOLUME POWER D.E. COST 
1.8 ,1 35.2 108525,0 

.3 .0 ,0 0.0 

3.0 .1 16.0 389677,1 

10,0 .1 4,0 1157600.0 

14.6 ,2 19,0 0,0 


T.E. COST 
36175.0 
0.0 
162353.4 
766910.0 
0.0 


VEHICLE 
PROD. COST 

27717.3 

87512.3 
89988,8 

253151.2 

983006.5 


VEHICLE 
ENG. COST 
0.0 
68744,9 
0.0 
0.0 
787867.5 


AUXILIARY PROPULSION 

IDENT TYPE NO, 

812 THRUSTER 2 

829 THRUSTER 8 

915 ISOLATION VALVE 1 

1013 FILTER 1 

1101 TANK 2 

12C6 FILL + DRAIN VALV 2 


UNIT UNIT UNIT VEHICLE 

WEIGHT VOLUME POWER D.E. COST T.E. COST PROD. COST 
.7 .0 0.0. 0.0 0.0 18941.7 

.6 .0 0.0 0,0- 0,0 55727.9 

.•? *9 .2 0.0 0.0 0.0 

,•3 .0 - 0.0 0,0 0.0 0.0 

2.8 .1 — 0.0 0.0 0,0 0.0 

•2 .0 - 0.0 0.0 0.0 0,0 


VEHICLE 
ENG. COST 
46958.2 
100579,5 
0.0 
0.0 
0.0 
0.0 


DATA PROCESSING AND INSTRUMENTATION 

IDENT TYPE NO, 

242 DIGITAL TELEMETRY 1 

4C3 COMMD OECOD+OISTR 2 

409 COMMD DEC0D4-DISTR 1 


COMMUNICATIONS 

IDENT TYPE 
218 ANTENNA 
230 ANTENNA 
327 TRANSMITTER 
351 TRANSMITTER 
403 RECEIVER 
618 DIBLEXER 


1 

I 

1 

1 

1 

I 


UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

D.E. COST 

T.E. COST 

VEHICLE 
PROO, COST 

VEHICLE 
ENG. COST 

4.0 

.0 

15. 0 

157723.0 

161933.8 

99227.9 

0.0 

2.3 

,0 

7.5 . 

264528.3 

. 219546.1 

158282.5 

99617.0 

6« I 

. 1 

-0,0 

411201,2 

241685.2 

163531,7 

110641.0 

UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

WEIGHT 

VOLUME 

POWER 

D.E. COST 

T.E, COST 

PROD. COST 

ENG, COST 

• 8 

1.8 

.0 

-0.0 

0,0 

0.0 

12821.3 

17491.2 

• 3 

-0.0 

0.0 

0.0 

19957.6 

27653.0 

9.7 

.0 

18.0 

0.0 

0.0 

56849.0 

20148.4 

1*9 

.2 

5 2 « 0 

0,0 

0,0 

93135.6 

7834.2 

2.3 

• 0 

3 • ^ 

0.0 

0.0 

35319.0 

16994.7 

1.5 

.0 

-0,0 

0.0 

0,0 

12216.5 

3737.7 



6T- 


ELECTRICAL POWER 


DENT 

TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER O.E. 

COST 

T.E, COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

112 

SHUNT REGULATOR 

2 

l.A 

.0 

-0.0 

0.0 

0,0 

0.0 

0.0 

2C2 

BATTERY 

2 

8.9 

.1 

-0.0 

0.0 

0.0 

<*023^6.8 

19095.9 

<t06 

DISCHGE REGULATOR 

1 

9.8 

.2 

-0.0 

0.0 

0.0 

0.0 

0.0 

603 

BATTERY CHARGER 

2 

2.6 

.0 

-0.0 

0.0 ' 

0.0 

0.0 

0.0 




EQUIPMENTS USING COST ESTIMATING RELATIONSHIPS 
NAME 

SOLAR ARRAY 
HARNESS 

THERMAL CONTROL 
POWER CONVERTERS 
PROPULSION FEED SYS. 

STRUCTURE 

POWER CONTROL UNITS 


VEHICLE 


VEHICLE 


WEIGHT 

D.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

2A.8 

5650A.3 

122862.3 

55922A.2 

0.0 

11. 0 

15751A.A 

17652A.3 

07822.2 

0.0 

A. 3 

5A782A.8 

208053.0 

79315.9 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 


A6A712.6 

1303A9.I 

128A78.7 

0.0 

58.0 

2677533.2 

1211123.6 

1151383.2 

0.0 

16. A 

122899.8 

91097.5 

A50830. 7 

0.0 



APPENDIX F 


SAGE COST ESTIMATES 


F-1 



SPACECRAFT COST MODEL 


^ to 





SUBSYSTEM COST 


SASE BASELINE 

(MILLIONS OF 1975 DOLLARS) 


DESIGN 

ENGINEERING 


— DOT+E 

TEST AND 
EVALUATION 


TOTAL 

RDT+E 


PRODUCTION 

ENGINEERING 


-RECURRING- 
FAB AND 
ASSEMBLY 


TOTAL 

RECURRING 


I 

tv 


STRUCTURE 
THERMAL CONTROL 
ELECTRICAL POWER 
COMMUNICATIONS 
DATA HANDLING 
STABILITY AND CONTROL 
AUXILIARY PROPULSION 


SPACECRAFT 
MISSION EQUIPMENT 


SATELLITE 

QUALIFICATION UNIT(S) 
GSE { AGE ) 

LAUNCH^SITE SUPPORT 
CONTRACTOR FEE 


TOTAL SATELLITE 


.A 
.& 
• 6 

1.3 
2. A 
1.8 
1.1 


8.1 


.2 

.2 

.8 

1.^ 

1.7 

1.1 

.3 


5.7 


.5 

.8 

1. A 
2.7 
^.0 
2.9 
l.A 


13 , 8 
16.6 


33.5 
0.0 
->.5 

1.5 

39.6 


0.0 

0.0 

.0 

0.0 

.2 

1.5 

.5 


2.2 


1.6 

.1 

2.3 

.6 

1.5 

2.0 

.3 


8.5 


1.6 

.1 

2. A 

.6 

1.8 

3.5 

.8 


10.8 

2. A 


13.2 


.3 

.8 


1A.3 


AVERAGE UNIT COST 


TOTAL SATELLITE OOT+E AND 
RECURRING COST 


1A.3 

53.9 



SAGE BASELINE 


STABILIZATION AND 
IDENT TYPE 

♦ ♦ 

CONTROL 

NO. 

* ♦ ASSEMBLY 

UNIT UNIT 

WEIGHT VOLUME 

DESCRIPTIONS ♦ ♦ 
UNIT 

POWER D.E. COST 

♦ ♦ 

T.E. COST 

VEHICLE 
PROD, COST 

VEHICLE 
ENG. COST 

209 VALVE DRIVER 

1 

1.8 

.1 

35.2 

0.0 

0.0 

18143.3 

21900.4 

303 SUN SENSOR 

5 

.3 

.0 

.0 

0.0 

0.0 

134957,4 

104248.4 

1106 RATE GYRO 

1 

3.0 

.1 

16.0 

0,0 

0.0 

58905.3 

78637.2 

1501 CONTROL ELECT. 

1 

10.0 

.1 

4.0 

1157600,0 

766910.0 

253151.2 

0.0 

1803 EARTH SENSOR 

2 

14.6 

.2 

19.0 

0.0 

0.0 

983006.5 

787867.5 


W 

I 

00 


AUXILIARY PROPULSION 

IDtNT TYPE 
llA THRUSTER 
604 FILL + DRAIN VALV 
812. THRUSTER 
915 ISOLATION VALVE 
1013 FILTER 
1109 TANK 


UNIT UNIT 
NO. WEIGHT VOLUME 

6 .7 ,0 

2 .3 .0 

2 .7 .0 

1 .2 .0 

1 .3 .0 

1 , 3,5 .4 


NO. WEIGHT VOLUME 


DATA PROCESSING AND INSTRUMENTATION 

IDENT TYPE 
2-42 DIGITAL TELEMETRY 
312 TAPE RECORDER 
403 COMHD DECOD+DISTR 
409 COMMO DECOD+DISTR 


4.0 
11.0 . 

2.3 

6.1 


.0 

•,2 

;o 

.1 


UNIT 

POWER 

D.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

0.0 

184964.6 

70660.6 

73460.0 

256089.6 

“0.0 

0.0 

0.0 

. 0.0 

0.0 

0.0 

166260.3 

41565.1 

28936.9 

66435.3 

.2 

0.0 

0.0 

. 0.0 

0,0 

-0.0 

0.0 

. 0.0 

0.0 

0.0 

“0.0 

0.0 

0.0 

0.0 

0.0 


UNIT 

POWER 

D.E, COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

15.0 

157723.0 

161933.8 

99227.9 

0.0 

4.0 

463298.0 

392137.0 

526628.4 

0.0 

7,5 

352704.4 

292728.1 

241806.1 

140935,7 

-0.0 

548268.3 

322246.9 

249825.1 

0.0 



COMMUNICATIONS 
DENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT . 
VOLUME 

UNIT 

POWER 

D.E, COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

103- BASEBND ASSY UNIT 

1 

2.0 

.0 

• 5 

41384,2 

12733.6 

29749.9 

74467,1 

0.0 

202 ANTENNA 

1 

8,4 

.7 

“0,0 

348292.9 

319352.9 

0.0 

206 ANTENNA 

1 

1.5 

.1 

“0.0 

125020.8 

166115.6 

27902.1 

0.0 

309 TRANSMITTER 

1 

1.8 

.0 

8.8 

27058.9 

31544,6 

60978,0 

0.0 

327 TRANSMITTER 

1 

4.7 

.0 

18.0 

99843.0 

70903,0 

86847.5 

0.0 

406 RECEIVER 

1 

2.3 

.0 

7.4 

74231.1 

144265.9 

49336.3 

0.0 

415 RECEIVER 

1 

3.9 

.1 

3.0 

107946.2 

244253.6 

64119.3 

0.0 

618 DIPLEXER 

1 

1.5 

.0 

“0.0 

18521.6 

12538,9 

18663.0 

0.0 

714 POWER CONVERTER 

1 

12.1 

.3 

29.2 

0.0 

0.0 

0.0 

0.0 



F-4 


fcLECTRICAi POWER 

IDENT TYPE 
202 BATTERY 
60.3 BATTERY CHARGER 


NO. 

2 

2 


UNIT UNIT UNIT 
WEIGHT VOLUME POWER 
10.5 -0.;0 

2*6 .0 “ 0.0 



D.E. 'COST 
0.0 
0.0 


T...E. COST 
0.0 
0.0 


VEHICLE 
PROD. COST 
't023'i6.8 
0.0 


VEHICLE 
ENG. COST 
19095.9 
0.0 


O.E. COST 

213516.5 

157515.5 
396276.9 


29597.1 

381939.1 

256185.0 

0,0 


T.E, COST 
355555.1 
176525,3 
150598.1- 
17386,5 

111195.7 

111600.8 


0.0 


VEHICLE 

VEHICLE 

PROO-. GOST 

ENG, COST 

7-75.2 68.9 

0.0 

67822.2 

0.0 

76135.8 

0,0 

80625.1 

0.0 

109780.0 

0.0 

1191182.8 

0.0 

365783,8 

0.0 



SPACECRAFT 


SUBSYSTEM COST 



STRUCTURE 

.A 

.2 

THERMAL CONTROL 

.6 

.2 

ELECTRICAL POWER 

• 6 

.7 

COMMUNICATIONS 

,A 

.5 

DATA HANDLING 

0.0 

0.0 

STABILITY AMO CONTROL 

1.8 

1.1 

AUXILIARY PROPULSION 

.6 

.2 

SPACECRAFT 

A. 3 

2.9 

MISSION EQUIPMENT 




SATELLITE 

QUALIFICATION UNITIS1 
GSE (AGE) 

LAUNCH SITE SUPPORT 
CONTRACTOR FEE 


TOTAL SATELLITE 


AVERAGE UNIT COST 


TOTAL SATELLITE DOT+E AND 
RECURRING COST 


T MODEL 


DOLLARS ) 


RECURRING 


TOTAL 

PRODUCTION 

FAB AND 

TOTAL 

RDT+E 

ENGINEERING 

ASSEMBLY 

RECURRING 

.5 

0.0 

1.6 

1.6 

.8 

0.0 

• JL 

.1 

1.3 

.0 

2.3 

2. A 

.9 

.2 

.A 

.6 

0.0 

.5 

1,0 

1.5 

2.9 

1.5 

2.0 

3,5 

.7 

.2 

.2 

.5 

7.1 

2.5 

7.3 

10.2 

16.6 



2. A 

29,0 



12.6 


0,0 

2,9 

.3 

1,1 .7 

33.0 13,7 

13.6 


A6.6 



F-6 


LO COST 


* * * * ASSEMBLY DESCRIPTIONS * ♦ * ♦ 


STABILIZATION AND CONTROL 

lOENT TYPE NO, 

209 VALVE DRIVER 1 

303 SUN SENSOR 5 

1X06 RATE GYRO 1 

1501 CONTROL ELECT. 1 

1803 EARTH SENSOR 2 


AUXILIARY PROPULSION 

IDENT TYPE NO. 

114 THRUSTER 6 

iin 

1109 TANK 1 


UNIT UNIT 


1.8 

.3 

3.0 

10.0 

14.6 


.1 

.0 

.1 

.1 

.2 


UNIT UNIT 


.7 

.3 

.7 

.2 

.3 

3.5 


.0 

.0 

.0 

.0 

.0 

.4 


UNIT 

POWER 

O.E. 

COST 

T.e. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

35.2 


0.0 

0.0 

18143.3 

21900.4 

. 0 


0.0 

0.0 

134957.4 

104248.4 

16.0 


0.0 

0.0 

58905.3 

78637,2 

4.0 

1157600.0 

766910.0 

253151.2 

0.0 

19.0 


0.0 

0.0 

983006.5 

737867.5 

UNIT 

POWER 

D.E. 

COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

0.0 


0.0 

0.0 

48085.8 

89005.1 

-0. 0 


0.0 

0.0 

0.0 

0.0 

0.0 


0.0 

0.0 

18941.7 

46958.2 

• £ 


0.0 

0.0 

0.0 

0.0 

-0.0 


0.0 

0.0 

0.0 

0.0 

-0.0 


0.0 

0,0 

0.0 

0.0 


DATA PROCESSING AND INSTRUMENTATION 

IDENT TYPE NO. 

242 DIGITAL TELEMETRY ' 1 

312 TAPE RECORDER 1 

OECOD + OISTR 2 

409 COMMD,; OECOD+OISTR 1 

COMMUNICATIONS 

IDENT TYPE NO, 

103 BASEBND ASSY UNIT 1 

202 ANTENNA 1 

206 ANTENNA 1 

309 TRANSMITTER 1 

327 TRANSMITTER 1 

4C6 RECEIVER 1 

415 RECEIVER 1 

618 DIPLEXER 1 

714 POWER CONVERTER 1 


UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

D.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

4,0 

.0 

15.0 

0.0 

0,0 

64953,0 

31828.6 

11.0 

• 2 

4.0 

0.0 

0.0 

344722,8 

97530.0 

2.3 

.0 

7,5 

0,0 

0.0 

158282.5 

99617.0 

6.1 

.1 

-0.0 

0.0 

0.0 

163531.7 

110641.0 

UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

weight 

VOLUME 

POWER 

D.E. COST 

T.E. COST 

PROD. COST 

ENG, COST 

2.0 

• 0 

.5 

0,0 

0.0 

19473.8 

8351.4 

3.4 

,7 

-0.0 

34829.3 

31935.3 

48745.0 

70235.8 

1.5 

. I 

-0.0 

125020.8 

166115.6 

27902.1 

0.0 

1.8 

.0 

8.8 

2705.9 

3154.5 

39915.3 

5460.5 

4.7 

.0 

18.0 

9984,3 

7090.3 

56849.0 

20148.4. 

2.3 

.0 

7 • ^ 

■742 3,1 

14426.6 

32295.1 

14979,9 

3.9 

. 1 

3.0 

53973.1 

122126.8 

41971,5 

21783,6 

1.5 

.0 

-0.0 

18521.6 

12583.9 

18663.0 

0.0 

12.1 

. 3 

29,2 

. 0.0 

0.0 

0.0 

0.0 



OF POOR QUAIjOT 


ELECTRICAL POWER 

lOENT TYPE ■ 

' 202 BATTERY • . , 
•603 BATTERY CHARGER 


Uf4IT UNIT UNIT 
NO. WEIGHT VOLUME POWER 
2 10.5 .1 -0.0 

2 2.6 ,0 - 0.0 


EQUIPMENTS USING COST ESTIMATING RELATIONSHIPS 


NAME 

WEIGHT 

SOLAR ARRAY 

51.6 

HARNESS 

11. 0 

THERMAL CONTROL 

4.0- 

POWER CONVERTERS 

4.3 

■PROPULSION FEED SYS. 


STRUCTURE 

66.0' 

iP.OWER CONTROL UNITS 

5.2 




F-8 


SPACECRAFT COST MODEL 

LO COST (AP/CGl 
(MILLIONS OF 1975 DOLLARS) 


SUBSYSTEM COST 


DESIGN 

ENGINEERING 


— ODT+E 

TEST AND 
EVALUATION 


TOTAL 

RDT+E 


PRODUCTION 

ENGINEERING 


-RECURRING- 
FAB AND 
ASSEMBLY 


TOTAL 

RECURRING 


STRUCTURE 
THERMAL CONTROL 
ELECTRICAL POWER 

STABILITY AND’ CONTROL 
AUXILIARY • PROPULSION 


• A 
.6 
.6 
•A 

0,0 

1.8 

.7 


.2 

.2 

*7 

.5 

0.0 

l.I 


.6 

.8 

1.3 

.9 

0.0 

2,9 

1,1 


0.0 

0.0 

.0 

.2 

.5 

1,5 

.3 


1.6 

.1 

2.3 

1.9 

2.0 

.5 


1 . 

2. 

• 

1. 

3. 


SPACECRAFT 
MISSION EQUIPMENT 


A. 5 


3.1 


7.5 

16.6 


2,6 


e.o 


10.6 
2. A 


§UAL U.i{ ATION UNIIT(S) 
GSE (AGE) 

LAUNCH SITE SUPPORT 
CONTRACTOR FEE 


TOTAL SATELLITE 


29.6 

0 . 0 , 

3.0 

1.1 

33.7 


13.0 


.3 
. 8 


lA.l 


AVERAGE UNIT COST 

TOTAL SATELLITE DDT+E AND 
RECURRING' GOST 


lA.l 

A7.8 





LO COST (AP/CGI 


vd ^ 


A 

a S' 


STABILIZATION AND CONTi^OL 

IDENT TYPE NO. 

2C<3 VALVE DRIVER 1 

303 SUN SENSOR 5 

1106 RATE GYRO 1 

15C1 CONTROL ELECT. 1 

1803 EARTH SENSOR 2 


AUXILIARY PROPULSION 

IDENT TYPE 
113 THRUSTER 
11<» THRUSTER 
212 ISOLATION VALVE 
‘♦11 PRESSURE REGULATR 
511 TANK 

600 FILL + DRAIN VALV 
1013 FILTER 


IDENT TYPE 
2A2 DIGITAL TELEMETRY 
312 TAPE RECORDER 
^03 COMMO DECOO+DISTR 
‘♦00 COHHO DECOO^-DISTR 


COMMUNICATIONS 

IDENT TYPE 
103 BASEBNO ASSY UNIT 
202 ANTENNA 
206 ANTENNA 
300 TRANSMITTER 
327 TRANSMITTER 
406 RECEIVER 
415 RECEIVER 
618 DIPLEXER 
714 POWER CONVERTER 


2 

6 

5 

2 

1 

1 

1 


1 

1 

2 

1 


♦ ♦ ASSEMBLY 

OESCRI 

PTIONS ♦ 

♦ * * 



UNIT 

UNIT 

UNIT 




VEHICLE 

VEHICLE 

WEIGHT 

VOLUME 

POWER 

D.E 

• COST 

T.E. COST 

PROD. COST 

ENG. COST 

1.8 

.1 

35.2 


0.0 

0.0 

18143.3 

21900.4 

.3 

.0 

.0 


0.0 

0.0 

134957.4 

104243.4 

3,0 

.1 

16.0 


0.0 

0.0 

58905.3 

78637.2 

10.0 

.1 

4.0 

1157600.0 

766910.0 

253151.2 

0,0 

14.6 

.2 

19.0 


0.0 

0.0 

983006.5 

737867.5 

UNIT 

UNIT 

UNIT 




VEHICLE 

VEHICLE 

WEIGHT 

VOLUME 

POWER 

D.E 

. COST 

T.E. COST 

PROD. COST 

ENG. COST 

.8 

.0 

-0.0 


0,0 

0.0 

20901.1 

51903.3 

.7 

.0 

0.0 


0.0 

0,0 

48085.8 

89005,1 

3.3 

.0 

0.0 


0.0 

0.0 

0.0 

0.0 

1.3 

.0 

-0.0 


0.0 

0.0 

48987.0 

-81039.6 

11.5 

.6 

-0.0 


0.0 

0.0 

0.0 

0.0 

.2 

.0 

-0.0 


0.0 

0.0 

0.0 

0.0 

.3 

.0 

-0.0 


0.0 

0.0 , 

0,0 

0,0 

NTATION 






VEHICLE 

UNIT 

UNIT 

UNIT 




VEHICLE 

WEIGHT 

VOLUME 

POWER 

D.E 

. COST 

T.E. COST 

PROD. COST 

ENG. COST 

4.0 

.0 

15.0 


0.0 

0.0 

64953,0 

31828.6 

11.0 

.2 

4.0 


0.0 

0.0 

344722.8 

97530.0 

2.3 

.0 

7.5 


0.0 

0.0 

158282.5 

99617.0 

6.1 

.1 

-0.0 


0.0 

0.0 

163531.7 

110641.0 

UNIT 

UNIT 

UNIT 




VEHICLE 

VEHICLE 


NO. WEIGHT VOLUME POWER O.E. COST 


1 

1 

1 

1 

1 

1 

1 

1 

1 


2.0 

8.4 

1.5 
1.8 
4.7 
2.3 
3.9 
1.5 

12.1 


.0 

.7 

.1 

.0 

.0 

.0 

.1 

.0 

.3 


.5 

- 0.0 

- 0.0 

. 8.8 
18.0 
7.4 
3.0 
- 0.0 
29.2 


0.0 
34829.3 
125020.8 
2705.9 
9984.3 
7423.1 
53973.1 
18521.6 
0.0 


T.E. COST 
0.0 
31935.3 
166115.6 
3154.5 
7090.3 
14426.6 
122126.3 
12588.9 
0.0 


PROD. COST 
19473.8 

48745.0 

27902.1 
39915.3 

56849.0 

32295.1 
41971.5 
18663.0 

0.0 


ENG. COST 

5351.4 

70285.8 

0.0 

5460.5 
20148.4 

14979.9 
21783.6 

0.0 

0.0 



OT- 


■■ ELECTRICAL' POWER 

lOENT TYPE 
202 eATTERY 
603 BATTERY CHARGER- 


UNIT UNIT UNIT 

NO. WEIGHT VOLUME POWER D.E, COST T.E. COST- 

2 10.5 .1 -0.0 0.0 0.0 

2 2.6 .0 - 0.0 0.0 0.0 


EQUIMENTS USING COST ESTIMATING RELATIONSHIPS 


NAME WEIGHT 
SOLAR ARRAY 51,6 
HARNESS 11.0 
THERMAL CONTROL <j.O 
POWER CONVERTERS A, 3 
PROPULSION FEED SYS. 

STRUCTURE 66.0 
POWER CONTROL UNITS '5.2 


VEHICLE VEHICLE 
PROD. COST ENG. COST 
A023A6.8-;- 19095.9 

0.0 , 0.0 


.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

213516.6 

35AAAA.1 

774268.9 

0.0 

118135.8 

132393.2 

67822.2 

■ 0.0 

396276.9 

150498.1 

76134.8 

0.0 

29597.1 

17386.5 

80625.1 

0.0 

A88938.A 

257911.7 

252418,4 

0.0 

264367.3 

119843.7 

1191182,8 

0.0 

0.0 

0.0 

365783.8 

0.0 



TT- 


SPACECRAFT COST MODEL 


LO COST (AP/HCMM) 
(MILLIONS OF 1975 DOLLARS) 




DDTFE 



-RECURRING 



DESIGN 

TEST AND 

TOTAL 

PRODUCTION 

FAB AND 

TOTAL 

SUBSYSTEM COST 

ENGINEERING 

EVALUATION 

RDT+E 

ENGINEERING 

ASSEMBLY 

RECURRING 

STRUCTURE 


.2 

.5 

0.0 

1.6 

1.6 

THERMAL CONTROL 

.6 

.2 

.8 

0.0 

.1 

,1 

ELECTRICAL POWER 

• 6 

.7 

1.3 

.0 

2.3 

2.4 

COMMUNICATIONS ' , 

• A 

• .5 

• 9 

.2 

.4 

.6 

DATA HANDLING 

0.0 

0.0 

0.0 

.5 

1.0 

1.5 

STABILITY AND CONTROL 

1*8 

1.1 

2.9 

1.3 

2.0 

3.5 

AUXILIARY PROPULSION 

0.0 

0.0 

0.0 

.2 

.3 

.5 

SPACECRAFT 

3.7 

2,7 

6.4 

2.5 

7.3 

10. 3 

MISSION EQUIPMENT 



16*. 6 



2.4 

SATELLITE.. 



28.3 



12.7 

QUALIFICATION UNITCS) 



0.0 




6SE (AGE) 



2.6 




LAUNCH SITE SUPPORT 






,2 

CONTRACTOR FEE 



1,0 



.7 

TOTAL SATELLITE 



31,9 



13.7 



13.7 

<» 5.6 





LO COST (AP/HCMfU 


♦ ♦ ♦ * ASSEMBIY DESCRIPTIONS * * * * 


STABILIZATION AND CONTROL 


IDENT TYPE 
Z09 VALVE DRIVER 
303 SUN SENSOR 
1106 RATE GYRO 
1501 CONTROL ELECT. 
1803 EARTH SENSOR 


AUXILIARY PROPULSION 

IDENT TYPE 
612 THRUSTER 
829 THRUSTER 
915 ISOLATION VALVE 
1013 FILTER 
1101 TANK 

1206 FILL + DRAIN VA.LV 


UNIT UNIT UNIT 
NO. WEIGHT VOLUME POWER O.E. COST 


1 

5 

1 

1 

2 


1.8 

• 3 

3.0 

10,0 

1A.6 


>1 

.0 

.1 

.1 

.2 


35.2 

.0 

16.0 

A..0 

19.0 


0.0 
0.0 
0.0 

1157600.0 

0.0 


UNIT UNIT UNIT 
NO. WEIGHT VOlU'ME POWER O.E. COST 
2 .7 .0 


8 

1 
1 

2 
2 


>6 

,2 

.3 

2.8 

.2 


.0 

.0 

.0 

.1 

,0 


0.0 

0.0 

.2 

- 0.0 

- 0.0 

- 0.0 


DATA PROCESSING AND INSTRUMENTATION 

IDENT TYPE NO. 

2A2 DIGITAL TELEMETRY 1 

312 TAPE RECORDER > 1 

A03 CQHMO DECOD<-DISTR 2 

A09 COMHD DECOD, + D1STR 1 


COMMUNICATIONS 

IDENT TYPE NO. 

103 BASEBNO ASSY UNIT 1 

2C2 ANTENNA 1 

206 ANTENNA 1 

309 TRANSMITTER 1 

327 TRANSMITTER 1 

A06 RECEIVER 1 

A15 RECEIVER 1 

618 OIPLEXER 1 

71A POWER -CONVERTER 1 


UNIT UNIT 


WEIGHT 

VOLUME 

POWER 

A.O 

.0 

15.0 

. 11.0 

.2 

A.O 

2.3 

.0 

7.5 

6.1 

.1 

-0.0 

UNIT 

UNIT 

UNIT 


0,0 

0.0 

0 . 0 ‘ 

0.0 

0.0 

0.0 


0.0 

0.0 

0.0 

0.0 


2.0 
8. A 
1.5 
1.8 
A. 7 
2.3 
3,9 
1.5 
12.1 


.0 

.7 

.1 

.0 

.0 

.0 

.1 

.0 

.3 


T.E. COST 
0.0 
0.0 
0.0 
766910.0 
0.0 


T.E. COST 
0.0 
0.0 
0,0 
0.0 
0.0 
0.0 


T.E. COST 
0.0 
0.0 
0.0 
0.0 


POWER 

D.E. COST 

T.E. COST 

m 3 

0.0 

0.0 

-0.0 

3A829.3 

31935.3 

-0.0 

125020.8 

166115.6 

8.6 

2705.9 

315A.5 

18.0 

998A.3 

7090.3 

7. A 

7A23.1 

1AA26.6 

3.0 

53973.1 

122126.8 

-0.0 

18521.6 

12588,9 

29,2 

0.0 

0.0 


VEHICLE 
PROD. COST 
181A3.3 
13A957.A 
58905.3 
253151.2 
983006.5 


VEHICLE 
PROD.. COST 
189A1.7 
55727.9 
0.0 
0.0 
0.0 
0.0 


VEHICLE 
PROD. COST 
6A953.0 
3AA722.8 
158232.5 
163531.7 


VEHICLE 
PROD. COST 
19A73.8 
A87A5.0 

27902.1 
39915.3 
568A9.0 

32295.1 
A1971.5 
18663.0 

O-.O 


VEHICLE 
ENG. COST 
21900. A 
10A2A3.A 
78637.2 
0.0 
787867.5 


VEHICLE 
ENG. COST 
A6958.2 
100579.5 
0.0 
0,0 
0.0 
0.0 


VEHICLE 
ENG. COST 
31828.6 

97530.0 

99617.0 
1106A1.0 


VEHICLE 
ENG. COST 
8 351, A 
70285.8 
0,0 
5A60.5 
201A8.A 
1A979.9 
21783.6 
0.0 
0.0 



-13 


ELECTRICAL POWER 

IDENT TYPE 
202 BATTERY 
6C3 BATTERY CHARGER 


EQUIPMENTS USING COST 
NAME 

hj SOLAR ARRAY 
HARNESS 

THERMAL CONTROL 
POWER CONVERTERS 
PROPULSION FEED SYS. 
STRUCTURE 

POWER CONTROL UNITS 


UNIT UNIT UNIT 
NO. WEIGHT VOLUME POWER 
2 10.5 .1 -0.0 

2 2.6 .0 - 0.0 


ESTIMATING RELATIONSHIPS 

WEIGHT 
51.6 
11.0 
<*.0 
A. 3 

66.0 

5.2 


E. COST 

T.,£. COST 

VEHICLE 
PROD, COST 

VEHICLE 
ENG. COST 

0.0 

0.0 

A023A6.8 

19095.9 

0.0 

0.0 

0.0 

0.0 


.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG, COST 

213516.6 

35AAAA. 1 

77A268.9 

0.0 

118135.8 

132393.2 

67822.2 

0.0 

396276,9 

150A98.1 

7613A.8 

0.0 

29597. 1 

17386,5 

80625.1 

0.0 

0.0 

0.0 

128A78.7 

0,0 

2A8069.2 

112A55.A 

1191182.8 

0.0 

0.0 

0.0 

365783,8 

0.0 



SPACECRAFT COST MODEL 


LO COST CEP2) 

(MILLIONS OF 1975 DOLLARS) 


SUBSYSTEM COST . 

DESIGN 

ENGINEERING 

ODT+E 

TEST AND 
EVALUATION 

I9TAL 

RDT+E 

PRODUCTION 

ENGINEERING 

-RECURRING 

FAB AND 
ASSEMBLY 

TOTAL ' 
RECURRING 

STRUCTURE 
THERMAL CONTROL 
ELECTRICAL POWER 
COMMUNICATIONS 
DATA HANDLING 
STABILITY' AND CONTROL 
AUXILIARY PROPULSION 

8.3 

1.3 

3.3 

1.3 
2. A 
3.0 

.3 

3.6 

.5 

2.5 

1.3 

1.2 

1.9 

.4 

12.0 

1.7 

5.8 
2.6 
3.6 

4.9 

0.0 

0.0 

.1 

.4 

1.1 
. . 1-5 
' .3 

2.6 

.2 

3.8 

.9 

2.1 

1.9 

.6 

2.6 

.2 

4.0 

1.2 

3.2 

3.4 

.9 

SPACECRAFT ■ 
MISSION EQUIPMENT 

,20.3 

11.4 

31.7 

34.4 

3*5 

12,0 

, 15.5 
‘ 18.3 

SATELLITE 

QUALIFICATION UNIT(S) 
GS E ( AGE } 

LAUNCH SITE SUPPOR.T 
CONTRACTOR FEE 



71.5 
O.C 
8. .6 

■ 3,2 



33.7 

.5 

1.1 

TOTAL SATELLITE 



33,2 



35.4 


AVERAGE UNIT COST 

35. A 


TOTAL SATELLITE 
RECURRING COST 


ODT+E AND 


118,6 



ST- 


LO COST (EP2) 


♦ * * ♦ ASSEM81Y DESCRIPTIONS * * t ♦ 
STABILIZATION AND CONTROL 


IDENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

O.E. COST 

T.E, COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

209 VALVE DRIVER 

1 

1.8 

.1 

35.2 

0.0 

0.0 

18143,3 

21900.4 

303 SUN SENSOR 

5 

.3 

.0 

.0 

0.0 

0.0 

134957.4 

104248,4 

1106 RATE GYRO 

1 

3.0 

.1 

16.0 

0.0 

0.0 

58905.3 

78637.2 

1501 CONTROL ELECT. 

1 

10,0 

.1 

4.0 

1157600.0 

766910.0 

253151.2 

0,0 

1803 EARTH SENSOR 

2 

14.6 

.2 

19.0 

0.0 

0.0 

983006.5 

787867.5 

AUXILIARY PROPULSION 
IDENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

O.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

llA THRUSTER 

6 

.7 

.0 

0.0 

0.0 

0.0 

48085.8 

09005.1 

6CA FILL ♦ DRAIN VALV 

2 

■ .3 

' .0 

“0.0 

0,0' 

0.0 

0.0 

0.0 

812 THRUSTER 

2 

,7 

.0 

0.0 

0.0 

0.0 

18941.7 

46958.2 

915 ISOLATION VALVE 

1 

-.2 

.0 

.2 

0,0 

0.0 

0,0 

0.0 

1013 FILTER 

1 

.3 

.0 

-0.0 

O.Oj 

0.0 

0,0 

0.0 

1109 TANK 

1 

3.5 

.4 

“0,0 

0.0 

0.0 

0.0 

0.0 

DATA PROCESSING AND INSTRUMENTATION 

UNIT 

IDENT TYPE " NO. WEIGHT 

1 

UNIT 

VOLUME 

UNIT 

POWER 

D.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

2A2 DIGITAL TELEMETRY 

1 

4.0 

.0 

15.0 

0,0 

0.0 

64953.0 

31828.6 

312 TAPE RECORDER 

1 

11. 0 

.2 

4,0 

0.0 

0.0 

344722.8 

97530.0 

A03 COMMO DECOO+DISTR 

2 

2.3- 

.0 

7,5 

0.0 

0.0 

158282.5 

99617.0 

409 COMMO OECOD+OISTR 

1 

6.1. 

.1. 

-0.0 

0.0 

0.0 

163531,7 

110641.0 

COMMUNICATIONS 
IDENT TYPE 

NO. 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

1 

D.E, COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

103 8ASE8N0 ASSY UNIT 

1 

2.0 

.0 

.5 

0.0 

0.0 

19473.8 

8351.4 

202 ANTENNA 

1 

8.4 

.7 

-0,0 

34829.3 

31935.3 

48745.0 

70285.8 

206 ANTENNA 

1 

1.5 

.1 

“0.0 

125020.8 

166115.6 

27902.1 

0.0 

309 TRANSMITTER 

1 

1.6 

.0 

8.8 

2705.9' 

3154.5 

39915.3 

5460.5 

327 TRANSMITTER 

1 

4.7 

.0 

16.0 

9984.3. 

7090.3 

56849.0 

20148.4 

406 RECEIVER 

1 

2.3 

.0 

7.4 

7423.1: 

14426.6 

32295.1 

14979.9 

415 RECEIVER 

1 

3.9 

.1 

3,0 

53973.1. 

122126.8 

41971,5 

21783.6 

618 OIPLEXER 

1 

1.5 

.0 

“0.0 

18521,6 

12588.9 

18663.0 

0.0 



91- 


ELECTRICAL POWER 


lOENT TYPE 
112 SHUNT REGULATOR 
202 BATTERY 
A06 DISCHGE REGULATOR 
603 BATTERY CHARGER ' 


UNIT UNIT. UNIT 
NO. WEIGHT VOLUME POWER 
2 l.A .0 -0.0 

2 8.9. „1 -0.0 

1 9.B ,2 -0.0 

2 . 2 , 6 - .0 - 0.0 


hcj EQUIPMENTS USING COST ESTIMATING’ RELATIONSHIPS 


WEIGHT 

SOLAR ARRAY A3.A 

HARNESS, 11*0 

THERMAL CONTROL 

POWER CONVERTERS 0*0 

PROPULSION FEED SYS., 

STRUCTURE 66.0 

POWER CONTROL UN, ITS 16Ia 


COST 

T.E. COST 

VEHICLE 
PROD. COST 

0.0 

0.0 

0.0 

0.0 

0.0 

402346.8 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 



O.E. COST 
18A71A.9 

118135.8 

396276.9 

0.0 

381939.1 

2A5869.5 

0.0 


T.E. COST 

325063.2 

132393.2 

150498.1 

0.0 

111194.7 

111458.2 

0.0 


VEHICLE 
PROD. COST 

717222.7 
67822.2 
76134.8 

0 . 0 
109780,0 
1191182.8 

450830.7 


VEHICLE 


ENG. COST 


0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 



■ APPENDIX G 


SMM COST ESTIMATES 


G-1 



URIGiNAIi PAGE IBS 
JOF.POOR QUALITY 


SPACECRAFT COST MODEL 
SHM BASELINE 

IMILLIONS OF 1975 DOLLARS) 


0 

1 


SUBSYSTEM COST 

DESIGN 

ENGINEERING 

DDT»E 

TEST AND 
EVALUATION 

total 

ROTfE 

PRODUCTION 

ENGINEERING 

“RECURRING 

FAB AND 
ASSEMBLY 

TOTAL 

RECURRING 

STRUCTURE 
THERMAL CONTROL 
ELECTRICAL POWER 
COMMUMCATIQNS 
DATA HANDLING 
STABILITY AND CONTROL 
AUXILIARY PROPULSION 

8.3 

1.3 

5.9 

1.9 

4.0 

7.1 
1.5 

3.7 
.5 

8.8 
2.2 
2.2 

• 5.2 

.7 

12.0 
1.7 
U.7 
4. 1 
6.2 
12.3 
2,2 

0.0 

0.0 

.4 

.5 

1.1 

2.5 

.9 

2.6 

.2 

4.4- 

1.1 

2.9 

2.7 

.7 

'2.6 

.2 

4.8 
1.6 

3.9 
5.1 
1.6 

SPACECRAFT 
MISSION EQUIPMENT 

30,0 

23.2 

53.2 

34.4 

.5.3 

14.5 

19.8 , 
18.3 

SATELLITE 

QUALIFICATION UNIT(S) 
GSE (AGE) 

LAUNCH SITE SUPPORT 
CONTRACTOR FEE 



37.6 

0.0 

11.2 

4,5 



33.1 

.6 

1.4 

TOTAL SATELLITE 



103.3 



40.2 

AVERAGE UNIT COST 






40,1 

TOTAL SATELLITE ODT+E AND 
RECURRING COST 






143.5 



SMH BASELINE 


* « * * ASSEMBLY DESCRIPTIONS * ♦ * ♦ 


STABILIZATION AND CONTROL 



0 

1 

w 


lOENT TYPE 
Z03 VALVE DRIVER ASSY 
A06 NUTATION DAMPER 
918 SUN SENSOR 
92A SUN SENSOR 
933 SUN SENSOR 
1315 REACTION WHEEL 
1501 CONTROL ELECT, 
1718 RATE INTEGR GYRO 
2106 STAR SENSOR 


AUXILIARY PROPULSION 

IDENT TYP.E 
11.3 THRUSTER 
215 ISOLATION VALVE 
A06 PRESSURE RE6ULATR 
518 TANK 

609 FILL + DRAIN VALV 
1013 FILTER- 


NO, 

1 

6 

3 

1 

1 

A 

1 

A 

2 


NOo 

12 

2 

2 

1 

1 

I 


UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

O.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

1.6 

.1 

5.9 

237308.0 

21705.0 

38604.2 

0.0 

2oA 

,1 

-0.0 

AA766.6 

6511.5 

312A1.6 

61930.8 

,7 

.0 

1.0 

35A869.5 

A73689.9 

207573.3 

2A9736.6 

1.9 

.0 

• 8 

56939A.5 

308500. A 

138586. A 

0.0 

3.3 

.1 

2.0 

827539.3 

39A7A1.6 

13A319.9 

0.0 

12.2 

.6 

12.0 

208825.6 

35616A.6 

223912.3 

200230.5 

10.0 

.1 

A.O 

1157600.0 

766910.0 

253151.2 

0.0 

9.6 

.2 

32.0 

108A383.6 

11A9236.3 

663953.8 

1039751.0 

11. A 

1.8 

1.9 

180779.1 

1626A5.A 

193577.9 

72236.8 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

D.E. COST 

-T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

.8 

.0 

-0.0 

20 AAA 3.0 

78101.8 

1A5907.1 

A77856.7 

2.5 

.0 ■ 

-0.0 

0.0 

' 0.0 

0.0 

0.0 

1.2 

.0. 

-0.0 

2365A2.2 

118075.2 

7A836.8 

11AA90.2 

16.2 

1.0 

-0.0 

0.0 

0.0 

0.0 ■ 

0.0 

.2 

.0 

-0.0 

0.,0 

0.0 

0.0 

0.0 

.3 

.0 

-0.0 

,0.0 

;0.0 

0.0 

0*0 


IDENT TYPE NO, 

106 GEN PURP PROCESSR 2 

206 DIGITAL TELEMETRY 1 

230 DIGITAL TELEMETRY 2 

303 TAPE RECORDER 2 

A27 COMMD DECOD+DISTR 2 


COMMUNICATIONS 

IDENT type no. 

202 ANTENNA 1 

221 ANTENNA 2 

239 ANTENNA 1 

309 TRANSMITTER 2 

32A TRANSMITTER 2 

A06 RECEIVER 2 

A15 RECEIVER 1 

A18 RECEIVER 3 

618 DIPLEXER 2 


. n p M I X U1^ 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

D.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

22.5 

.5 

20.0 

88860.3 

20663.2 

203223.6 

35507.3 

11. A 

.1 

6.0 

820AA9.0 

266682.1 

19A021.0 

0.0 

5.0 

.0 

lA.O 

A9A222.9 

101A53.8 

2075A7.5 

197A8A.5 

9.6 

.2 

3.0 

AA1335.0 

36A6AA.0 

8SIA11.6 

176351.2 

9,.* 2 

.2 

10.0 

76A166.1 

709189.2 

580733.8 

305350.0 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

O.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

VEHICLE 
ENG. COST 

8. A 

.7 

-0.0 

3A8292.9 

319352.9 

7AA67.1 

0.0 

5.8 

.2 

-0.0 

260A60.0 

221391.0 

106A3A.6 

10A076.1 

2.1 

.0 

•-0.0 

150A88.0 

115760.0 

212A9.9 

0.0 

1.8 

.0 

8.3 

27058.9 

315AA.6 

109760.7 

10812. A 

7.5 

.2 

37.5 

16206A.0 

95502.0 

139695, A 

6A758.5 

2.3 

.0 

7. A 

7A231.1 

1AA265.9 

88806. A 

29661.7 

3.9 

.1 

3.0 

1079A6.2 

2AA253.6 

6A119.3 

0,0 

A. 2 

.1 

2.0 

116157.9 

33A0A0.0 

16A13Z.3 

317A5.2 

1.5 

.0 

-0.0 

20605. 3 

21A01.1 

33593. A 

8233.6 



G-4 



O.E. COST 
E67705.6 
0.0 
0.0 
0.0 


T.E. COST 
3765296.6 
0,0 
0.0 
0.0 




O.E. COST 
698285. <V 
910709,2 
835425,0 
0.0 

506070.8 
5469870.6 

1978255.8 


T.E. COST 

490953.7 
741835.5 
317277.9 

0.0 

261003.7 
2552827,3 

1162821,9 


VEHICLE 

VEHICLE 

PROD, COST 

EN3. COST 

1306676.3 

o;o 

422090.9 

0.0 

127834.3 

0.0 

0.0 

0.0 

255412.9 

0.0 

1868433.8 

0.0 

522529.3 

0.0 



S"0 


SPACECRAFT C 




DESIGN 

DOT+E 

TEST AND 

SUBSYSTEM COST 

ENGINEERING 

EVALUATION 

STRUCTURE 

8.3 

3.7 

THERMAL CONTROL 

1.3 

.5 

ELECTRICAL POWER 


3.2 

COMMUNICATIONS 

1.3 

1.3 

DATA HANDLING 

2. A 

1.2 

STABILITY AND CONTROL 

3.0 

1.9 

AUXILIARY PROPULSION 

.8 

.A 

SPACECRAFT 
MISSION EQUIPMENT 

21. A 

12.2 


SATELLITE 

QUALIFICATION UNIT(S) 
GSE (AGE) 

LAUNCH SITE SUPPORT 
CONTRACTOR FEE - 


TOTAL SATELLITE 



MODEL 


DOLLARS! 


RECURRING 


TOTAL 

PRODUCTION 

FAB AND' 

TOTAL 

RDT+E 

ENGINEERING 

ASSEMBLY 

RECURRING 

12.0 

0.0 

2.6 

2.6 

1.7 

0.0 

.2 

.2 

7.7 

. 2 

A.O 

A.l 

2.6 

.A 

.9 

1.2 

3.6 

1.1 

2,1 

3.2 

A. 9 

1.5 

1.9 

3. A 

1. 1 

.3 

.6 

.9 

33.6 

3.5 

12.1 

15.6 

3A.A 



18.3 

73. 7 



33.9 

0.0 




8.9 



.5 

3. A 



1.1 

86.0 



35.6 


35.6 


121.6 



LQ COST 



♦ ♦ ♦ ♦ 


ASSEMBLY DESCRIPTIONS * * * * 


0 

1 

(T' 


STABILIZATION AND CONTROL 

IDENT TYPE Nl 

203 VALVE DRIVER ASSY 
<i06 NUTATION DAMPER 
918 SUN SENSOR 
92A SUN SENSOR 
933 SUN SENSOR 
1315 REACTION WHEEL 
1501 CONTROL ELECT. 

1718 RATE INTEGR GYRO 
2106 STAR SENSOR 


AUXILIARY PROPULSION 

lOENT TYPE 
113 THRUSTER 
215 ISOLATION VALVE 
518 REGULATR 


1 

6 

3 

1 

1 
A 
1 
A 

2 


12 

2 

2 

1 

1 

1 


UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

O.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

1 # 6 

« 1 

5.9 

237308.0 

21705,0 

38804,2 

2 #4 

. 1 

-0,0 

0.0 

0,0 

20450.3 

• 7 

1.9 

. 0 

1.0 

0.0 

0.0 

135874.3 

.0 

. 6 

. 0.0 

0.0 

90716.5 

3.3 

.1 

2.0 

0.0 

0,0 

■ 120653.0 

‘12.2 

. 6 

12.0 

0.0 

0.0 

146569.5 

10.0 

. I 

4,0 

1157600.0 

766910.0 

253151.2 

9.6 

. 2 

32.0 

542191.8 

574618.2 

434613.9 

11.4 

1.8 

1.9 

0,0 

0.0 

126713.1 

UNIT 

WEIGHT 

UNIT 

VOLUME 

UNIT 

POWER 

O.E. COST 

T.E. COST 

VEHICLE 
PROD. COST 

. 8 

.0 

-0.0 

0.0 

O'.O 

95508.5 

2.5 

. 0 - 

-0,0 

0.0 

0.0 

0.0 

1.2 

.0 

-0.0 

0.0 

0.0 

48987,0 

16. 2 

1.0 

-0.0 

0.0 

0.0 

0.0 

.2 

.0 

-0.0 

0.0 

0.0 

0,0 

. 3 

.0 

-0.0 

0.0 

0.0 

0.0 


VEHICLE 
ENG. COST 
0.0 
215A1.7 
122010.1 
11A90A.3 
166998.2 
825-^7.9 
0.0 
<♦28652.3 
51058.8 


VEHICLE 
ENG. COST 
137688.7 
0.0 
80930.3 
0.0 
0.0 
0.0 


DATA PROCESSING AND INSTRUMENTATION 

IDENT TYPE NO. WEIGHT \ 

106 GEN PURP PROCESSR 2 22.5 

206 DIGITAL TELEMETRY 1 till 

230 DIGITAL TELEMETRY 2 5.0 

303 TAPE RECORDER 2 9.6 

A27 COHMD DECOO+OISTR 2 9,2 


UNIT UNIT 


.5 

.1 

. 0 . 

.2 

.2 


POWER 

D.E. COST 

T.E. COST 

20.0 

88860,3 

20663.2 

6.0 

410224.5 

133341.1 

14.0 

494222.9 

181453.8 

3.0 

0.0 

0.0 

10. 0 

573124.6 

531891.9 


COMMUNICATIONS 

IDENT TYPE 
202 ANTENNA 
221 ANTENNA 
239 ANTENNA 
309 transmitter 
32A TRANSMITTER 
A06 RECEIVER 
415 RECEIVER 
418 RECEIVER 
618 DIPLEXER 


UNIT UNIT UNIT 


1 

2 

1 

2 

2 

2 

1 

3 

2 


8.4 

5.8 

2.1 

1.8 

7.5 
2.3 
3.9 
4.2 

1.5 


.7 

.2 

.0 

.0 

.2 

.0 

.1 

.1 

.0 


POWER 

D.E. COST 

T.E. COST 

-0.0 

348292,9 

319352.9 

-0.0 

130230.0 

110695,5 

-0.0 

37622.0 

28940.0 

8.8 

6764,7 

7886.2 

37.5 

162064.0 

95502.0 

7.4 

18557.8 

36066,5 

3.0 

107946.2 

244253.6 

2.0 

11615.8 

33404,0 

-0.0 

20605.3 

21401.1 


VEHICLE 
PROD. COST 
203223.6 
127003.1 
207547.5 

576958.4 

380139.4 


VEHICLE 
PROD. COST 
79467.1 
69670,4 
13909,9 
71847.6 
139695.4 

58131.3 

64119.3 
107471.2 

33593.4 


VEHICLE ‘ 
ENG. COST 
35507.3 

165567.4 

197484.5 
124649.7 
215829.3 


VEHICLE 
ENG. COST 
0.0 
73563.7 

30368.6 

7642.5 
64758.5 

20965.7 

0.0 

39937.0 

8233. 6 



|£00.(I j3§ 


ELECTRICAL POWER 



UNIT 





UNIT 

UNIT 



VEHICLE 

VEHICLE 

lOENT TYPE 

NO. WEIGHT 

VOLUME 

POWER 

O.E. COST 

T.£. COST 

PROO. COST 

ENG’. COST 

215 BATTERY 

A 21<.6 

.1 

-0.0 

26770.6 

376529.7 

625A67.8 

105822.9 

312 BATTERY CHARGER 

A 5.0 

.1 

-0.0 

0.0 

0.0 

0.0 

0.0 

515 SHUNT REGULATOR 

6 2.3 

.0 

-0.0 

0.0 

0.0 

0.0 

0.0 

702 POWER CONTROL 

1 9, A 

.6 

-0.0 

0.0 

0.0 

0.0 

0.0 

EQUIPMENTS USING COST 

ESTIMATING RELATIONSHIPS 





NAME 

WEIGHT 



O.E. COST 

T.E. COST 



SOLAR ARRAY 

99.0 



69828.5 

A9095.A 

1306576.3 

0.0 

HARNESS ; 

128.0 



910709.2 

7A1835.5 

A22090.9 

0.0 

THERMAL CONTROL 

10.0 



835A25.0 

317277.9 

12788A.3 

0.0 

POWER CONVERTERS 

0.0 



0.0 

0.0 

0.0 

0.0 

PROPULSION FEED SYSo 




506070.8 

261003.7 

255A12.9 

0.0 

STRUCTURE 

365.5 



5A69870.6 

2552827.3 

1868A33.8 

0.0 

POWER CONTROL UNITS 

36.9 



1B793A3.0 

110A680.8 

522529.3 

0.0 






SPACECRAFT COST 

MODEL 







LO COST (EP2) 






(MILLIONS OF 1975 

DOLLARS) 


cr I1D t> TKl 




DESIGN 

' TEST AND 

TOTAL 

PRODUCTION 

rxLvVJKK 

FAB AND 

TOTAL 


SU8SYSTEH COST 

ENGINEERING 

EVALUATION 

RDT+E 

ENGINEERING 

ASSEHaiY 

RECURRING 


STRUCTURE 

.4 

.2 

.5 

0,0 

1.6 

1.6 


THERMAL CONTROL 

• 6 

.2 

.6 

0.0 

.1 

» 1 


ELECTRICAL POWER 

.5 

.7 

1.1 

• 0 

2.3 

2. 3 


COHHUNICATIOHS 

.4 

.5 

.9 

.2 

.4 

» 6 


DATA HANDLING 

0.0 

0.0. 

0.0 

.5 

i.O 

1.5 


STABILITY AND CONTROL 

1.8 

1.1 

2.9 

1.5 

2.0 

3.5 

0 

1 

AUXILIARY PROPULSION 

« 6 

.2 

.7 

* z 

.2 

• 5 

03 

SPACECRAFT 

4.2 

2.8 

7.0 

2.5 

7.7 

10.2 


MISSION EQUIPMENT 



16.6 



2.4 


SATELLITE 



28, 8 



12.6 


QUALIFICATION UNITtSI 



0.0 





GSE (AGE) 



2.9 





.LAUNCH SITE SUPPORT 






« 3 


CONTRACTOR FEE 



1.1 



« 7 


TOTAL SATELLITE 



32.8 



13.6 


AVERAGE UNIT COST 






13,5 


TOTAL SATELLITE OOT+E 

AND 







RECURRING COST 






46.3 



G-9 


LD COST (£P2» 


* * * * ASSEMBLY DESCRIPTIONS ♦ * ♦ ♦ 


STABILIZATION AND CONTROL 




UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

ICENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

D.E. COST 

r.E. COST 

PROD. COST 

ENG. COST 

203 VALVE DRIVER ASSY 

1 

1.6 

.1 

5.9 

237308.0 

21705.0 

38804.2 

0.0 

<t06 NUTATION DAMPER 

6 

2.4 

.1 

-0.0 

0.0 

0.0 

20450.3 

21541.7 

918 SUN SENSOR 

3 

.7 

,0 

1.0 

0.0 

0,0 

135874.3 

122010.1 

924 SUN SENSOR 

1 

1.9 

.0 

.8 

0.0 

0.0 

90716.5 

114904.3 

933 SUN SENSOR 

1 

3.3 

.1 

2.0 

0.0 

0,0 

120653.0 

166998.2 

1315 REACTION WHEEL 

4 

12.2 

.6 

12.0 

0.0 

0.0 

146569.5 

82547.9 

1501 CONTROL ELECT. 

1 

10.0 

.1 

4.0 

1157600.0 

766910.0 

253151.2 

0.0 

1718 RATE INTEGR GYRO 

4 

9.6 

.2 

32.0 

542191.8 

574618.2 

434613.9 

428652.3 

2106 STAR SENSOR 

2 

11.4 

1.3 

1.9 

0.0 

0.0 

126713.1 

51058.3 

AUXILIARY PROPULSION 


UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

IDENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

D.E. COST 

r . E . COST 

PROD. COST 

ENG. COST 

113 THRUSTER 

12 

.8 

.0 

-0.0 

0.0 

0.0 

95508.5 

137688,7 

215 ISOLATION VALVE 

2 

2.5 

.0 

-0.0 

- 0.0 

0.0 

0.0 

0.0 

406 PRESSURE REGULATR 

2 

1.2 

,0 

-0,0 

0.0 

0,0 

48987,0 

80930,3 

518 TANK 

1- 

16.2 

1.0 

-0.0 

. 0.0 

0,0 

0.0 

0.0 

609 FILL ♦ DRAIN VALV 

1 

.2 

.0 

-0.0 

0.0 

0.0 

0.0 

0.0 

1013 FILTER 

1 

.3 

.0 

-0.0 

0.0 

0,0 

0.0 

0.0 

DATA PROCESSING AND INSTRUMENTATION 






- 



UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

IDENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

D.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

106 GEN PURP PROCESSR 

2 

22.5 

.5 

20.0 

68860.3 

20663.2 

203223.6 

35507.3 

206 DIGITAL TELEMETRY 

1 

11.4 

.1 

. 6,0 

410224,5 

133341,1 

127003.1 

165567,4 

230 DIGITAL TELEMETRY 

2 

5.0 

.0 

14.0 

494222.9 

181453.3 

207547,5 

197434,5 

303 TAPE RECORDER 

2 

9,6 

.2 

3.0 

0.0 

0.0 

576953.4 

124649.7 

427 CQMHO OECOD+OISTR 

2 

9.2 

.2 

10.0 

573124,6 

531891.9 

380139,4 

215829.3 

COMMUNICATIONS 


UNIT 

UNIT 

UNIT 



VEHICLE 

VEHICLE 

IDENT TYPE 

NO. 

WEIGHT 

VOLUME 

POWER 

D.E. COST 

T.E. COST 

PROD. COST 

ENG. COST 

202 ANTENNA 

1 

8.4 

.7 

-0.0 

348292,9 

319352.9 

74467.1 

0.0 

221 ANTENNA 

2 

5.8 

.2 

-0.0 

130230.0 

110695,5 

69670.4 

73563,7 

239 ANTENNA 

1 

2.1 

.0 

-0.0 

37622,0 

28940.0 

13909.9 

30368.6 

309 TRANSMITTER 

2 

1,8 

.0 

8.8 

6764.7 

7886.2 

71847.6 

7642.5 

324 TRANSMITTER 

2 

7.5 

.2 

37.5 

162064.0 

95502.0 

139695,4 

64758.5 

406 RECEIVER 

2 

2.3 

.0 

7.4 

18557.8 

36066.5 

58131.3 

20965.7 

415 RECEIVER 

1 

3.9 

.1 

3.0 

107946.2 

244253.6 

64119.3 

0.0 

418 RECEIVER 

3 

4.2 

.1 

2.0 

11615.8 

33404.0 

107471.2 

39937,0 

618 OIPLEXER 

2 

1.5 

,0 

-0.0 

20605.3 

21401,1 

33593,4 

8233.6 




D.E, COST.' T.E. CQST 
0.0 0.0 
24 ( 518.8 291506.8 

. 0.0 ■ 0.0 




O.E. COST 
' 69828.5 

910709.2 
8354 ( 25.0 
0.0 
506070.8 
5 ^ 57093.5 
1179 <^ 55.6 


T.E. COST 
49095 . 
741835.5 
317277.9 
0.0 
261003.7 

2546864.2 

636318.2 
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